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A method to obtain male-sterile plants by transforming the nuclear genome of plant cells with a foreign DNA comprising a male- 
sterility gene comprising: a male-sterility DNA encoding a sterility RNA, protein or polypeptide, preferably bamase, which, when produced 
or overproduced in a stamen cell of the plant, significantly disturbs the metabolism, functioning and/or development of the stamen cell; and, 
a sterility promoter capable of directing expression of the male-sterility DNA selectively in specific stamen cells, especially in anther cells, 
particularly in tapetum cells, of said plant, the male-sterility DNA being in the same transcriptional unit as, and under the control of, the 
sterility promoter; and regenerating plants transformed with said foreign DNA from said transformed cells, which method is characterized by 
including in said foreign DNA a coregulating gene comprising a coregulating DNA encoding a coregulating RNA, protein or polypeptide, 
preferably bars tar, which is capable, when produced in plant cells wherein said sterility RNA, protein or polypeptide is produced, of 
sufficiently preventing the activity of said sterility RNA, protein or polypeptide, said coregulating DNA preferably being under the control 
of a promoter selected from the group consisting of: a promoter capable of directing expression of said coregulating DNA in non-stamen 
cells, preferably at least in the majority of non-stamen cells, while directing low-level expression, preferably not directing expression, in 
said specific stamen cells; a promoter consisting of a minimal promoter element, preferably of a promoter normally expressed in plant cells, 
particularly whereby said coregulating DNA is capable of being placed under control of enhancer elements in the nuclear genome of said 
plant after integration of said foreign DNA in said plant genome, whereby said coregulating DNA is in a different plant transcriptional unit 
as said sterility DNA, and provided that, when said coregulating DNA is not under control of a promoter capable of directing expression in 
plant cells, said coregulating gene is located in said foreign DNA in such a way that after insertion in the plant genome, the coregulating 
DNA is capable of being placed under the control of plant promoter sequences present in the DNA surrounding said foreign DNA in said 
plant genome. 
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• METHOD TO OBTAIN MALE STERILE PLANTS 

The present invention relates to an improved method to obtain male-sterile 
plants using foreign male-sterility genes that comprise plant promoters that direct 
expression of a male-sterility DNA in stamen cells, and to plants obtained by the 
method. 

Background to the Invention 

In many, if not most plant species, the development of hybrid cultivars is highly 
desired because of their generally increased productivity due to heterosis: the 
superiority of performance of hybrid individuals compared with their parents (see e.g. 
Fehr, 1987, Principles of cultivar development, Volume 1 : Theory and Technique, 
MacMillan Publishing Company, New York; Allard, 1960, Principles of Plant 
Breeding, John Wiley and Sons, Inc.). 

The development of hybrid cultivars of various plant species depends upon 
the capability to achieve almost complete cross-pollination between parents. This is 
most simply achieved by rendering one of the parent lines male sterile (i.e. bringing 
them in a condition so that pollen is absent or nonfunctional) either manually, by 
removing the anthers, or genetically by using, in the one parent, cytoplasmic or 
nuclear genes that prevent anther and/or pollen development (for a review of the 
genetics of male sterility in plants see Kaul, 1988, 'Male Sterility in Higher Plants', 
Springer Verlag). 

For hybrid plants where the seed is the harvested product (e.g. com, oilseed 
rape) it is in most cases also necessary to ensure that fertility of the hybrid plants is 
fully restored. In systems in which the male sterility is under genetic control this 
requires the existence and use of genes that can restore male fertility. The 
development of hybrid cultivars is mainly dependent on the availability of suitable and 
effective sterility and restorer genes. 
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Endogenous nuclear loci are known for most plant species that may contain 
genotypes which effect male sterility, ' and generally, such loci need to be 
homozygous for particular recessive alleles in order to result in a male-sterile 
phenotype. The presence of a dominant 'male fertile 1 allele at such loci results in 
male fertility. 

Recently it has been shown that male sterility can be induced in a plant by 
providing the genome of the plant with a chimeric male-sterility gene comprising a 
DNA sequence (or male-sterility DNA) coding, for example, for a cytotoxic product 
(such as an RNase) and under the control of a promoter which is predominantly 
active in selected tissue of the male reproductive organs. In this regard stamen- 
specific promoters, such as the promoter of the TA29 gene of Nicotiana tabacum . 
have been shown to be particularly useful for this purpose (Mariani et al., 1990, 
Nature 347:737, European patent publication ("EF') 0,344,029). By providing the 
nuclear genome of the plant with such a male-sterility gene, an artificial male-sterility 
locus is created containing the artificial male-sterility genotype that results in a male- 
sterile plant. Various stamen-specific promoters have been described (see e.g. WO 
92/13956, WO 92/13957). 

In addition it has been shown that male fertility can be restored to the plant 
with a chimeric fertility-restorer gene comprising another DNA sequence (or fertility- 
restorer DNA) that codes, for example, for a protein that inhibits the activity of the 
cytotoxic product or otherwise prevents the cytotoxic product to be active in the plant 
cells (EP 0,412,911). For example the bamase gene of Bacillus amvloliQuefaciens 
codes for an RNase, the bamase, which can be inhibited by a protein, the barstar, 
that is encoded by the barstar gene of B. amvloliQuefaciens . The bamase gene can 
be used for the construction of a sterility gene while the barstar gene can be used for 
the construction of a fertility-restorer gene. Experiments in different plant species, e.g. 
oilseed rape, have shown that a chimeric barstar gene can fully restore the male 
fertility of male sterile lines in which the male sterility was due to the presence of a 
chimeric bamase gene (EP 0,412,911, Mariani et al. ( 1991, Proceedings of the 
CCIRC Rapeseed Congress, July 9-11, 1991, Saskatoon, Saskatchewan, Canada; 
Mariani et al., 1992, Nature 357:384). By coupling a marker gene, such as a 
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dominant herbicide resistance gene (for example the bar gene coding for 
phosphinothricin acetyl transferase (PAT) that converts the herbicidal 
phosphinothricin to a non-toxic compound [De Block et al., 1987, EMBO J. 6:2513]), 
to the chimeric male-sterility and/or fertility-restorer gene, breeding systems can be 
implemented e.g. to select for uniform populations of male sterile plants (EP 
0,344,029; EP 0,412,911). 

Bamase is an extracellular ribonuclease produced by Bacillus 
amvloliauefaciens . Barstar is an inhibitor of bamase that is produced intracellular^ 
by the same bacterium to protect it from the toxic effects of the intracellular bamase 
activity (Hartley, 1989, TIBS, 14:450-454). Initial attempts to clone the bamase gene 
in E.coli and B. subtil is under control of its own or another bacterial promoter were 
unsuccesful as the produced bamase proved to be toxic to the host cells. When the 
barnase gene was reconstructed from previously cloned parts on the same plasmid 
as the barstar gene, the lethal effects of bamase expression were suppressed 
(Hartley, 1988, J.Mol.biol. 202:913-915). 

Whenever bamase is cloned in a bacterial host cell, such as E.coli . it may be useful 
to have the barstar gene, under control of its native or another bacterial promoter, 
present in the host cell to prevent possible harmful effects of undesired bamase 
expression. Paul et al, 1992, Plant Mol. Biol. 19:611-622 for instance, constructed a 
chimeric bamase gene under control of a tapetum specific promoter of the A9 gene 
of Arabidopsis . Plasmids pWP127 and pWP128 contain a DNA fragment encoding 
barstar and the mature bamase cloned between the 1437 bp A9 promoter fragment 
and a CaMV polyadenylation sequence. The promoter and coding sequence of 
barstar were included on these plasmids since mature bamase could not be cloned 
in its absence in E.coli . 

As indicated above bamase DNA has been used to induce male-sterility in plants. 
However, other uses of bamase have also been described. WO 92/21757 describes 
inter alia a plant transformed with a nematode-induced chimaeric gene comprising 
the following operably linked DNA sequences: 
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a nematode-induced promoter that is suitable to direct transcription of a 
foreign DNA substantially selectively in specific root cells, preferably in the cells of 
fixed-feeding sites of the plant; and, 

a first foreign DNA that encodes bamase; 
5 and which also contains a restorer chimaeric gene, preferably in the same genetic 
locus as the nematode-induced chimaeric gene, comprising the following operably 
linked DNA sequences: 

a second promoter, such as a nematode-fepressed promoter, which can direct 
transcription of a second foreign DNA in cells of the plant where the first foreign DNA 
10 is expressed, preferably substantially selectively in cells other than the specific root 
cells, preferably in cells other than the fixed feeding site cells, of the plant, and, 

a second foreign DNA that encodes barstar. 
WO 93/19188 describes inter alia a plant transformed with a fungus-responsive 
chimaeric gene comprising the following operably linked DNA sequences: 
15 - a fungus-responsive promoter that is suitable to direct transcription of a 
foreign DNA substantially selectively in cells of a plant surrounding, preferably 
immediately surrounding, a site of infection of the plant by a fungus; and, 

a first foreign DNA that encodes bamase; 
and which also contains a restorer chimaeric gene, preferably in the same genetic 
20 locus as the fungus-responsive chimaeric gene, comprising the following operably 
linked DNA sequences: 

a second promoter, such as a constitutive promoter (e.g. 35S), which can 
direct transcription of a second foreign DNA in cells of the plant other than those 
surrounding, preferably in at least cells of the plant other than those immediately 
25 surrounding, said fungus infection site; and, 

a second foreign DNA that encodes barstar. 

A foreign DNA, when introduced in the plant genome appears to integrate 
randomly in the plant genome. Examination of independently transformed plants has 
shown a high degree of variability (up to 100-fold) in the expression level of the 
30 introduced gene. Several studies have shown no correlation between this 'between- 
transformant variability" and the copy number of the introduced DNA at a given locus. 
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It has been suggested that some of the variability in expression of introduced genes 
in transgenic plants is a consequence of "position effects" caused by influences of 
adjacent plant genomic DNA Other factors that could contribute to the variability in 
expression are physiological variability of the plant material, differences in the 
number of independent T-DNA loci in different transformants or the inhibitory effects 
of certain T-DNA structures on gene expression. Between-transfonmant variability in 
expression has been observed for the majority of introduced genes in transgenic 
plants. The variability in expression of many introduced genes in independent 
transgenic plants necessitates large numbers of transgenic plants to be assayed to 
accurately quantitate the expression of the gene. It would be of great importance if 
the amount of between-transformant variability could be reduced (Dean et al, 1988, 
NAR 16:9267-9283). 

Summary of the Invention 

The invention concerns a plant having in the nuclear genome of its cells foreign DNA 
comprising : 

- a male-sterility gene comprising: 

- a male-sterility DNA encoding a sterility RNA protein or polypeptide which, 
when produced or overproduced in a stamen cell of the plant, significantly 
disturbs the metabolism, functioning and/or development of the stamen cell, 
and, 

- a sterility promoter directing expression of the male-sterility DNA selectively in 
specific stamen cells, especially in anther cells, particularly in tapetum cells, of 
the plant, the male-sterility DNA being in the same transcriptional unit as, and 
under the control of, the sterility promoter; and 

- a coregulating gene comprising: 

- a coregulating DNA encoding a coregulating RNA, protein or polypeptide 
which is capable, when produced in plant cells wherein the sterility RNA, 
protein or polypeptide is produced, of sufficiently preventing the activity of the 
sterility RNA, protein or polypeptide, and preferably 
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- a promoter directing expression of said coregulating DNA in non-stamen cells, 
* preferably at least in the majority of non-stamen cells, while directing low-level 

expression, preferably not directing expression, in said specific stamen cells, 
or 

- a promoter consisting of a minimal promoter element, preferably of a promoter 
normally expressed in plant cells, particularly whereby said coregulating DNA 
is under control of enhancer elements in the nuclear genome of said plant, 

whereby the coregulating DNA is in a transcriptional unit which is different from the 
transcriptional unit of the sterility DNA 

This invention also provides a method to obtain male-sterile plants which comprises : 

- transforming the nuclear genome of plant cells with a foreign DNA comprising a 
male-sterility gene comprising: 

- a male-sterility DNA encoding a sterility RNA, protein or polypeptide, 
preferably bamase or a variant thereof, which, when produced or 
overproduced in a stamen cell of the plant, significantly disturbs the 
metabolism, functioning and/or development of the stamen cell, and, 

- a sterility promoter capable of directing expression of the male-sterility DNA 
selectively in specific stamen cells, especially in anther cells, particularly in 
tapetum cells, of said plant, the male-sterility DNA being in the same 
transcriptional unit as, and under the control of, the sterility promoter, and 

- regenerating plants transformed with said foreign DNA from said transformed cells, 
which method is characterized by including in said foreign DNA a coregulating gene 
comprising a coregulating DNA encoding a coregulating RNA, protein or 
polypeptide, preferably barstar, which is capable, when produced in plant cells 
wherein said sterility RNA, protein or polypeptide is produced, of sufficiently 
preventing the activity of said sterility RNA, protein or polypeptide, said coregulating 
DNA preferably being under the control of a promoter including : 

- a promoter capable of directing expression of said coregulating DNA in non- 
stamen cells, preferably at least in the majority of non-stamen cells, while 
directing low-level expression, preferably not directing expression, in said 
specific stamen cells, 
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- a promoter consisting of a minimal promoter element, preferably of a promoter 
normally expressed in plant cells, particularly whereby said coregulating DNA 
is capable of being placed under control of enhancer elements in the nuclear 
genome of said plant after integration of said foreign DNA in said plant 
genome, 

whereby said coregulating DNA is in a plant transcriptional unit which is different from 
the plant transcriptional unit of said sterility DNA, and provided that, when said 
coregulating DNA is not under control of a promoter capable of directing expression 
in plant cells, said coregulating gene is located in said foreign DNA in such a way 
that after insertion in the plant genome, the coregulating DNA is capable of being 
placed under the control of plant promoter sequences present in the DNA 
surrounding said foreign DNA in said plant genome. 

The present invention further provides plants that contain in their nuclear genome 
said male-sterility gene and said coregulating gene, preferably in the same genetic 
locus. 

Description of the invention 

A male-sterile plant is a plant of a given plant species which is male-sterile 
due to expression of a male-sterility genotype such as a foreign male-sterility 
genotype containing a male-sterility gene. A restorer plant is a plant of the same plant 
species that contains within its genome at least one fertility-restorer gene that is able 
to restore the male fertility to a line of male-sterile plants containing a male-sterility 
genotype i.e. in those offspring obtained from a cross between a male-sterile plant 
and a restorer plant and containing both a male-sterility genotype and a fertility- 
restorer gene. A restored plant is a plant of the same species that is male-fertile and 
that contains within its genome a male-sterility genotype and a fertility-restorer gene. 

A line is the progeny of a given individual plant. 

A gene as used herein is generally understood to comprise at least one DNA 
region coding for an RNA, which may or may not be capable of being translated into 
a protein or polypeptide, which is operably linked to regulatory sequences that 
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control the transcription of the DNA region. Such regulatory sequences include 
promoter regions, enhancer sequences and 3' regulatory sequences. A structural 
gene is a gene whose product is e.g. an enzyme, a structural protein, tRNA or rRNA. 
A regulatory gene is a gene which encodes a protein which regulates the expression 
(e.g. the transcription) of one or more structural or other regulatory genes. 

For the purpose of this invention the expression of a gene (or of a DNA of the 
gene which encodes the RNA), such as a chimeric gene, means that the DNA region 
of the gene coding for the RNA is transcribed, under control of the promoter and 
other regulatory sequences of the gene, into a RNA which is biologically active i.e. 
which is either capable of interacting with another RNA, or which is capable of being 
translated into a biologically active polypeptide or protein. 
The expression of most eucaryotic genes, including foreign (e.g. chimeric) genes, is 
regulated by combination of a minimal promoter element and one or more enhancer 
elements which bind to regulatory proteins. When a promoter directs expression of 
any DNA it is active. Depending on the amount of RNA produced by a promoter 
under a given set of conditions one can speak about low or high level of expression 
(or less or high activity of the promoter). With regard to the present invention a "high" 
level of expression of the male-sterility gene is interpreted as the level of expression 
in specific stamen cells whereby the production of fertile male gametes is prevented. 

A minimal promoter element as used herein means a DNA that has the 
capacity to bind RNA polymerase and to inititate transcription. For any given gene 
the minimal promoter extends about 30-40, maximally 100, basepairs upstream from 
the transcription initiation site and generally includes the TATA box. An enhancer 
element is a regulatory element that is generally further upstream from the minimal 
promoter and that activates (or inhibits) transcription from the minimal promoter 
linked to it, with synthesis beginning at the normal start site. An enhancer is capable 
of binding transcription factors and can usually operate in both orientations and can 
function even when moved more than 1000 basepairs from the promoter and from 
either an upstream or a downstream position. 

A promoter as used herein comprises a minimal promoter associated with one or 
more enhancer elements. For practical purposes a promoter and minimal promoter, 
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as used herein, may also comprise part of the DNA that is transcribed (e.g. the 
untranslated leader of a mRNA). 

A transcriptional unit means a DNA segment that is transcribed into a 
continuous RNA from a promoter. For the purposes of this invention a transcriptional 
unit comprises the promoter. 

A promoter which directs expression selectively in specific cells or tissues of a 
plant (e.g. stamen cells such as tapetum cells) is a promoter in which the enhancer 
elements operate to limit the transcription to specific cells or tissues in the plant 
and/or to specific stages of development of these specific cells or tissues, i.e. to 
enhance transcription in the specific cells or tissues at particular developmental 
stages and to inhibit transcription in all other cells or tissues or at other 
developmental stages. For all practical purposes such selective promoters are 
specific in activity and effect. Usually such selective promoters are identified by 
differential screening of mRNA libraries from different tissues (Sambrook et al., 1989, 
"Molecular Cloning: a Laboratory Manual". Cold Spring Harbor Laboratory, and 
Ausubel et al, 1994, "Current Protocols in Molecular Biology", John Wiley & Sons). 
Although it is generally impossible to screen all tissues and all cells of a plant, 
promoters obtained in this way have been found to be useful to direct expression of 
heterologous DNA selectively in the same tissues in transgenic plants of the same 
and/or different plant species. 

As used herein stamen cells will mean cells of at least one part of the male 
reproductive organ in a flower, in various stages of development, such as the 
filament, the anther, the tapetum, the anther cell wall, the pollen etc. A stamen- 
specific promoter is a promoter that is capable of directing expression (e.g. of 
bamase DNA) selectively in stamen cells (preferably including at least tapetum cells) 
at one or more stages in the development of the stamen to prevent the production of 
fertile pollen. It should be noted that a male-sterility gene comprising a pollen-specific 
promoter, i.e. a promoter that directs expression exclusively in microspores and/or 
pollen (i.e. after meiosis), when operably linked to a bamase DNA can only induce 
male-sterility in a plant when it is present in a homozygous form in the nuclear 
genome of that plant. 
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Non-stamen cells as used herein means all cells of a plant except the stamen cells 

(particularly the tapetum cells), especially those stamen cells in which the sterility 

promoter can direct expression of the bamase DNA. 

The phenotype is the external appearance of the expression (or lack of 

expression) of a genotype i.e. of a gene or set of genes (e.g. male-sterility, presence 

of protein or RNA in specific plant tissues etc.). 

As used herein, a genetic locus is a DNA (e.g. one or more genes) as defined 

with respect to its position in the nuclear genome, i.e. in a particular chromosome, of 

a plant Two loci can be on different chromosomes and will segregate independently. 

Two loci can be located on the same chromosome and are then generally considered 

as being linked (unless sufficient recombination can occur between them). 

An endogenous locus is a locus which is naturally present in a plant species. A 
foreign locus is a locus which is formed in the plant because of the introduction, e.g. 
by means of genetic transformation, of. a foreign DNA. If a foreign DNA, which 
comprises two or more genes, is introduced in the plant genome this will generally 
be regarded as creating, in the plant genome, one foreign locus which comprises the 
two or more genes (although it can also be said that two or more closely linked loci 
are created). 

In diploid plants, as in any other diploid organisms, two copies of a gene are present 
at any autosomal locus. Any gene can be present in the nuclear genome in several 
variant states designated as alleles. If two identical alleles are present at a locus that 
locus is designated as being homozygous, if different alleles are present, the locus is 
designated as being heterozygous. The allelic composition of a locus, or a set of loci, 
is the genotype. Any allele at a locus is generally represented by a separate symbol 
(e.g. M and m, S and -, - representing the absence of the gene). A foreign locus is 
generally characterized by the presence and/or absence of a foreign DNA. A 
dominant allele is generally represented by a capital letter and is usually associated 
with the presence of a biologically active gene product (e.g. a protein) and an 
observable phenotypic effect. 

A plant can be genetically characterized by identification of the allelic state of at least 
one genetic locus. 
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The genotype of any given locus can be designated by the symbols for the 
two alleles that are present at the locus (e.g. M/m or m/m or $/-). The genotype of two 
unlinked loci can be represented as a sequence of the genotype of each locus (e.g. 
S/S.R/-) 

Foreign male-sterility loci are those in which the allele responsible for male 
sterility is a foreign DNA sequence S which comprises the male-sterility gene which 
when expressed in cells of the plant renders the plant male-sterile without otherwise 
substantially affecting the growth and development of the plant. 

The male-sterility locus preferably also comprises in the same genetic locus at 
least one marker gene T which comprises at least 

t1 ) a marker DNA encoding a marker RNA, protein or polypeptide which, when 
present at least in a specific tissue or specific cells of the plant, renders the plant 
easily separable from other plants which do not contain the marker RNA, protein or 
polypeptide encoded by the marker DNA at least in the specific tissue or specific 
cells, and, 

t2) a marker promoter capable of directing expression of the marker DNA at 
least in the specific tissue or specific cells: the marker DNA being in the same 
transcriptional unit as, and under the control of, the marker promoter. 

Such male-sterility gene is always a dominant allele at such a foreign male- 
sterility locus. The recessive allele corresponds to the absence of the male-sterility 
gene in the nuclear genome of the plant 

Male-sterility DNAs and sterility promoters that can be used in the male- 
sterility genes of this invention have been described before (EP 0,344,029 and EP 
0,412,91 1). For the purpose of this invention the expression of the male-sterility gene 
in a plant cell should be able to be inhibited or repressed for instance by means of 
expression of a suitable fertility-restorer gene in the same plant cell. In this regard a 
particular useful male-sterility DNA codes for bamase (Hartley, J.Mol. Biol. 1988 
202:913). The sterility promoter can be any promoter but it should at least be active 
in stamen cells, particularly tapetum cells. Particularly useful sterility promoters are 
promoters that are selectively active in stamen cells, such as the tapetum-specific 
promoters of the TA29 gene of Nicotiana tabacum (EP 0,344,029) which can be used 
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in tobacco, oilseed rape and other Brassica species, cichory, corn, rice, wheat and 
other plant species; the PT72, the PT42 and PE1 promoters from rice which can be 
used in rice, corn, wheat, and other plant species (WO 92/13956) ; the PCA56 
promoter from com which can be used in com, rice, wheat and other plant species 
(WO 92/13957); and the A9 promoter of a tapetum-specific gene of Arabidopsis 
thaliana (Paul et al., 1992, Plant Mol. Biol. 19:61 1 -922). 

It has been found that stamen-specific promoters, such as PTA29, operably 
linked to a suitable sterility DNA, such as the bamase DNA, can be used in a variety 
of plant species to induce male-sterility. Indeed, by transformation of plants with such 
male-sterility genes, male-sterile lines with high agronomic value have been 
obtained in many plant species. Apparently, the stamen-specific promoters, for all 
practical purposes, substantially retain their spatial and temporal specificity. 
However, not all individual transformed plants can be developed into lines with good 
agronomical performance. Indeed some plants show undesired phenotypic effects 
which can be due to somaclonal variation and/or 'position effects'. It is believed that 
at least part of this variation is due to the regulating effects of native (i.e. 
endogenous) enhancer elements in the plant genome that surround the integrated 
male-sterility gene in the transgenic plants. Such enhancer sequences, and 
consequently their effects on the expression of the male-sterility gene, differ 
depending on the place of integration of the male-sterility gene. This can result, in 
some transformants, in low-level (often even undetectable) expression of the sterility 
DNA (e.g. bamase DNA) in tissues other than the stamen cells, e.g. in cells during 
tissue culture or in somatic cells of the plants or seeds. 

In this regard, this invention is based on the observation that, under some 
circumstances, a chimeric gene such as the barstar gene, introduced together with a 
male-sterility gene such as a gene comprising bamase DNA can decrease the 
between-transformant variability in expression of the male-sterility gene, and of its 
resulting phenotype, and can increase the frequency of transformants having good 
agronomical performance. For the purposes of this invention it is therefore preferred 
that the sterility DNA is the bamase DNA while the coregulating DNA is the barstar 
DNA 
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For the purposes of this invention bamase DNA means a DNA coding for the 
ribonuclease of Bacillus amvloliauefaciens with the' amino acid sequence as 
described by Hartley, 1988, J.Mol.Biol. 202:913-915 (bamase s.s.) or any variants 
thereof which have ribonuclease activity and are capable of being inactivated by 
barstar. In this regard one of such variants of bamase s.s. has been found to be 
encoded by the DNA of Bacillus intermedius which encodes a ribonuclease (binase) 
which has 84% identity at the amino acid level with bamase s.s. (Schulga et al, 1992, 
NAR 20:2375; see also Guillet et all, 1993, Structure 1:165-177). Preferably, the 
bamase variants retain at least 10% particularly at least 50% of the activity of 
bamase s.s. as measured under standard conditions (Fitzgerald and Hartley. 1993, 
Anal. Biochem. 214:544-547; Hartley et al, 1993, Biochemistry 32:5978-5984). 
For the purposes of this invention barstar DNA means a DNA coding for an inhibitor 
of the bamase ribonuclease of Bacillus amvloliauefaciens as described by Hartley, 
1988, J.MoLBiol. 202:913-915 (barstar s.s.) or any variants thereof which are capable 
of inhibiting bamase s.s. In this regard one of such variants has been found to be 
encoded by the DNA Bacillus intermedius which encodes binstar (Guillet et al, 1993, 
Structure 1:165-177). Preferably the barstar variants are capable of inhibiting at least 
90% of bamase activity, particularly at least 50% of bamase activity, in an equimolar 
mixture of the barstar variant and bamase in standard condition (Hartley et al, 1993, 
Biochemistry 32:5978-5984). 

However, any DNA coding for a ribonuclease can be used as sterility DNA in this 
invention provided a DNA coding for protein inhibitor of that ribonuclease can be 
obtained. Examples of such RNAses and corresponding inhibitors are for instance 
listed in Guillet et al, 1993, Structure 1:165-177. Another example of such a 
ribonuclease is the RNAse Sa or samase of Streptomvces aureofaciens 
(Shlyapnikov et al, 1986, FEBS Letters 209:335-339; Homerova et al, 1992, Gene 
119:147-148). An inhibitor of RNAse Sa is known (Mucha et al, 1983, Biologia 
38:1177-1184). 

Of course, any sterility DNA coding for a RNA, protein or polypeptide and its 
corresponding coregulating DNA coding for a coregulating RNA, protein or 
polypeptide which, when expressed in the same plant cell as the sterility DNA is 
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capable of preventing expression of the sterility DNA or the activity of the sterility 
RNA, protein or polypeptide can be used. In this regard DNAs that are described as 
fertility restorer DNAs in EP 0,412,911 can be used as coregulating DNAs of this 
invention in combination with their corresponding sterility DNAs which are also 
described in EP 0,412,91 1. 

The promoter in the coregulating gene (the "coregulating promoter") of this 
invention is preferably capable of driving expression of the coregulating DNA (e.g. 
the barstar DNA) in a variety of cells and tissues, preferably all cells and tissues, of 
the plant to counteract the undesired effects of possible low level expression of the 
male-sterility gene (e.g. comprising the bamase DNA). In this regard, the promoter 
can also drive expression in those stamen cells in which the sterility promoter drives 
expression of bamase (as an example of a sterility DNA) and which are killed by the 
biological activity of the bamase which prevents the production of fertile male 
gametes. Of course in such stamen cells the activity of the sterility promoter and the 
coregulating promoter should be such that for instance the amount of produced 
bamase in such stamen cells is higher than that of the produced barstar at least 
during a period in stamen development. In this regard it is preferred that the 
coregulating promoter is not active in the same stamen cells as the sterility promoter. 
However, outside the stamen cells (e.g. the tapetum) in which the sterility promoter 
drives expression of the bamase DNA, the coregulating promoter may be active at 
any level. If the coregulating promoter is active in the same stamen cells as the 
sterility promoter (but so that sufficient bamase is still produced in the stamen cells to 
render the plant male-sterile) this can have the added advantage that the restoration 
of male fertility in the progeny of these male-sterile plants after crossing with restorer 
plants containing a fertility-restorer gene (e.g. comprising the barstar DNA under 
control of a stamen-specific promoter), is generally easier due to the fact that the 
amount of bamase in the stamen cells is already reduced due to expression of the 
coregulating gene. 

Preferably the coregulating promoter is a promoter operable in plant cells and 
such many promoters can be used in this invention (see e.g. Fig. 1, A). In a preferred 
embodiment the 35S promoter ("P35S") of the Cauliflower Mosaic virus is used. This 
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is a family of promoters that are generally known as constitutive promoters but that 
appear to be relatively less active in anther cells, particularly in tapetum cells. 
Surprisingly it was found that the activity of the P35S is sufficiently low in tapetum 
cells and that it can be used together with a male-sterility gene comprising a tapetum- 
5 specific promoter. Even more surprisingly it was found that the use of the P35S as 
coregulating promoter was particularly effective in rice, especially when PT72 and 
pE1 are used as sterility promoters, and in com, especially when PCA55 or PTA29 
are used as sterility promoters. 

Suitable P35S promoters can be obtained from the Cauliflower Mosaic Virus 

10 ("CaMV") isolates CM1841 (Gardner et al (1981) Nucl. Acids. Res. 9:2871) and 
CabbB-S (Franck et al (1980) Cell, 21:285) (the "35S2 promoter H or T35S2"), from 
the CaMV isolate CabbB-JI (Hull and Howell (1978) Virology 86:482) (the "35S3 
promoter" or "P35S3"). P35S3 differs from P35S2 in its sequence (the sequence of 
P35S3 is disclosed in European patent publication ("EP") 359617) and in its greater 

is activity in transgenic plants (Harpster et al (1988) Mol. Gen. Genet 212:1 82). 

Of course other known constitutive promoters can be used as coregulating promoter. 
For instance the promoter of the nopaline synthase gene of Aorobacterium T-DNA 
("Pnos") is known to drive low-level expression in a constitutive way in plants. It is 
believed that Pnos is particularly effective as coregulating promoter in dicot plants, 

20 such as Brassica species, e.g. Brassica napus . 

Other suitable constitutive promoters that can be used as coregulating promoters are 
the TR1' and the TR2 promoters (resp. "PTR1" and "PTR2") which drive the 
expression of the 1' and 2' genes, respectively, of the T-DNA of Agrobacterium 
(Velten et al (1984) EMBO J. 3:2723), and are wound-induced promoters that are 

25 only weakly active in the uninduced state. 

Suitable organ-specific, tissue-specific and/or inducible foreign promoters can 
also be used as coregulating promoters such as the promoters of the small subunit 
genes (such as the 1A gene) of 1,5-ribulose bisphosphate carboxylase of 
Arabidopsis thaliana (the "ssu" promoter) which are light inducible promoters 

30 (Krebbers et al (1988) Plant Mol. Biol. 11:745) active primarily in photosynthetic 
tissue; and the seed-specific promoters of, for example, Arabidopsis thaliana 
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(Krebbers et al (1988) Plant Physiol. 87:859), and the promoter of the Kunitz trypsine 
inhibitor gene (Jofuku and Goldberg, 1989, The Plant Cell 1:1079-1093). 
In another preferred embodiment of this invention (see e.g. Fig. 1 , B) the coregulating 
promoter comprises a minimal promoter element which can be derived from any 
promoter that can be expressed in plant cells including constitutive promoters (P35S, 
Pnos), tissue-specific promoters (PTA29, PCA55, PT72, PE1, PT42), or inducible 
promoters (e.g. PTR1, PTR2, Pssu). Such minimal promoter element is the sequence 
comprising about 30-50, maximally about 100 basepairs upstream from the 
transcription start site and which contains the TATA box. 

Such a minimal promoter element can be used in the coregulating gene of this 
invention to direct low-level transciption of the barstar DNA in non-stamen cells. 
In addition, the position effects in transgene expression can now be used to good 
effect. Indeed, the plant genomic DNA that is adjacent to the foreign DNA (or 
transgene) may comprise additional sequences, such as enhancer sequences, that 
are capable of regulating the minimal promoter to enhance transcription of the barstar 
DNA in a variety of plant cells. In this regard it is preferred that the coregulating gene 
is provided in a transforming DNA in such a way that especially upstream sequences 
are brought in optimal position to the minimal promoter. In this regard it is preferred 
that the coregulating gene is present at the extreme ends of the foreign DNA (e.g. the 
T-DNA). 

The coregulating gene may even be lacking sequences required for being 
transcribed in a plant cell. For instance the coregulating gene may only comprise the 
coregulating DNA or it may comprise the coregulating DNA with upstream sequences 
that are not capable of directing expression of the coregulating DNA in plant cells. 
Thus the coregulating gene may lack a suitable promoter or it may comprise a 
bacterial promoter, (e.g. the native promoter of the barstar gene in B 
amvloliouefaciens or the tac promoter) (see e.g. Fig. 1, C). However, in this instance, 
it is preferred that the coregulating gene is present at the extreme ends of the foreign 
DNA used for plant transformation (e.g. the T-DNA) in such an orientation that the 
translation initiation codon of the coregulating DNA is closest to one of the ends of 
the foreign DNA. Indeed, it is believed that this orientation increases the probability 
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that the coregulating gene, when inserted in the plant genome, is placed under 
• control of (i.e. has "captured") suitable promoter (e.g. minimal promoters) and/or 
enhancer sequences in the adjacent plant genomic DNA to enable the more or less 
constitutive expression of the coregulating DNA such as the barstar DNA. Because it 
is unlikely that the plant promoter and/or enhancer sequences will be optimally 
positioned with respect to the barstar DNA, it is expected that the level of any 
expression of the barstar DNA will be very low, as desired in many cases. 
The male-sterility gene and the coregulating gene are preferably inserted in the plant 
genome as a single transforming DNA. Therefore both genes should preferably be 
present on the same vector or should be part of the same T-DNA. 
However, both genes could also be present on separate DNAs which are both used 
for transformation. In such "^transformation" it has been found that both DNAs are 
likely to be integrated in the same genetic locus of the plant genome, although there 
is of course a probability that both genes are integrated at different locations in the 
plant genome. In this respect the foreign DNA used for transformation of the nuclear 
genome of a plant cell need not be a single DNA molecule but can be multiple DNA 
molecules. For the purpose of the present invention it is however preferred that the 
male-sterility gene and the coregulating gene be integrated in the same locus in the 
plant nuclear genome. 

However, if the coregulating gene is useful to counteract the tow level expression of 
the male-sterility gene in tissue culture, its presence might not be required in the 
mature plants and their progeny. If the plants are transformed by cotransformation, 
and rf the male-sterility gene and coregulating gene are integrated at different 
locations in the plant genome, then both genes will segregate in the progeny and the 
coregulating gene can hereby be removed from the transformed plant line. 

The male sterile plants of this invention can be crossed with male-fertile 
parent plants, particularly a male^ertile restorer plant containing a suitable fertility 
restorer gene (see e.g. EP 0,412,91 1) 

Marker DNAs and marker promoters that can be used in the marker gene as 
used in this invention are also well known (EP 0,344,029; EP 0,412,91 1 ). 
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Foreign DNA such as the male-sterility gene, the fertility-restorer gene, the 
coregulating gene, or the marker gene preferably also are provided with suitable 3' 
transcription regulation sequences and polyadenylation signals, downstream (i.e. 3") 
from their coding sequence i.e. respectively the fertility-restorer DNA, the male- 
sterility DNA, the coregulating DNA or the marker DNA. In this regard either foreign 
or endogenous transcription 3' end formation and polyadenylation signals suitable for 
obtaining expression of the chimeric gene can be used. For example, the foreign 3' 
untranslated ends of genes, such as gene 7 (Velten and Schell (1985) Nucl. Acids 
Res. 13:6998), the octopine synthase gene (De Greve et at, 1982, J.Mol. Appl. 
Genet. 1:499; Gielen et al (1983) EMBO J. 3:835; Ingelbrecht et al., 1989, The Plant 
Cell 1:671) and the nopaline synthase gene of the T-DNA region of Aorobacterium 
tumefaciens Ti-plasmid (De Picker et al., 1982, J.Mol. Appl. Genet. 1:561), or the 
chalcone synthase gene (Sommerand Saedler, 1986, MoLGeaGenet. 292:429-434), 
or the CaMV 19S/35S transcription unit (Mogen et al., 1990, The Plant Cell £1261- 
1272) can be used. 

The fertility-restorer gene, the male-sterility gene, the coregulating gene or the 
marker gene in accordance with the present invention are generally foreign DNAs, 
preferably foreign chimeric DNA. In this regard "foreign" and "chimeric" with regard to 
such DNAs have the same meanings as described in EP 0,344,029 and EP 
0,412,911. 

The cell of a plant, particularly a plant capable of being infected with 
Acrobacterium such as most dicotyledonous plants (e.g. Brassica napus) and some 
monocotyledonous plants, can be transformed using a vector that is a disarmed Ti- 
plasmid containing the male-sterility gene and/or the coregulating gene (preferably 
both) and carried by Aorobacterium . This transformation can be carried out using the 
procedures described, for example, in EP 0,116,718 and EP 0,270,822. Preferred Ti- 
plasmid vectors contain the foreign DNA between the border sequences, or at least 
located to the left of the right border sequence, of the T-DNA of the Ti-plasmid. Of 
course, other types of vectors can be used to transform the plant cell, using 
procedures such as direct gene transfer (as described, for example, in EP 
0,233,247), pollen mediated transformation (as described, for example, In EP 
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0,270,356, PCT patent publication "WO" 85/01856, and US patent 4,684,611), plant 
RNA virus-mediated transformation (as described, for example, in EP 0,067,553 and 
US patent 4,407,956) and liposome-mediated transformation (as described, for 
example, in US patent 4,536,475). Cells of monocotyledonous plants such as the 
major cereals including com, rice, wheat, barley, and rye, can be transformed (e.g. by 
electroporation) using wounded or enzyme-degraded intact tissues capable of 
forming compact embryogenic callus (such as immature embryos in com), or the 
embryogenic callus (such as type I callus in com) obtained thereof, as described in 
WO 92/09696. In case the plant to be transformed is com, other recently developed 
methods can also be used such as, for example, the method described for certain 
lines of com by Fromm et al., 1990, Bio/Technology 8:833; Gordon-Kamm et al., 
1990, Bio/Technology 2:603 and Gould et al., 1991, Plant Physiol. 95:426. In case 
the plant to be transformed is rice, recently developed methods can also be used 
such as, for example, the method described for certain lines of rice by Shimamoto et 
al., 1989. Nature 338:274; Datta et al., 1990, Bio/Technology 8:736; and 
Hayashimoto et al., 1990, Plant Physiol. 93:857. 

The transformed cell can be regenerated into a mature plant and the resulting 
transformed plant can be used in a conventional breeding scheme to produce more 
transformed plants with the same characteristics or to introduce the male-sterility 
gene, the coregulating gene (or both), in other varieties of the same related plant 
species. Seeds obtained from the transformed plants contain the chimeric gene(s) of 
this invention as a stable genomic insert. Thus the male-sterility gene, and/or the 
coregulating gene of this invention when introduced into a particular line of a plant 
species can always be introduced into any other line by backcrossing. 
The present invention thus provides a method to obtain male-sterile plants whereby 
the frequency of obtaining, from transformation, male-sterile plants with good 
agronomic performance is increased. This is because the coregulating gene is 
expressed in non-stamen cells. In this regard the presence of the coregulating gene 
may counteract a number of phenomena such as: 

low-level expression of the male-sterility gene in some transformed plant cells 
in tissue culture, including regeneration prior to normal plant development Indeed 
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such tissue culture cells have a physiology and metabolism and patterns of gene 
regulation which may be different from that of any differentiated cell in a plant or 
seed. Since the sterility promoter is generally selected on the basis of its natural 
activity in the plant or seed, position effects are perhaps expected to be more 
pronounced to activate the promoter in tissue culture cells. When direct gene transfer 
is used an additional phenomenon may occur. Indeed in such transformation method 
a large amount of DMA is delivered to any recipient cell. If gene repression should be 
an active process, which requires for instance DNA methylation or repressor protein 
binding, the repression mechanism may become temporarily overloaded, and the 
delivered DNA may be expressed for a short period of time. It can be seen that the 
coregulating gene can thus increase the general transformation efficiency. 

low-level expression of the sterility DNA (e.g. the bamase DNA) in specific 
non-stamen cells of the primary transformants and/or particularly the progeny plants 
obtained thereof. Such low level expression can be due to several factors many of 
which are largely unknown: 

activation of the stamen-specific promoter by elements in the vector 

used for transformation, 

position effects as outlined above. Such effects may possibly be more 
pronounced in plants with a small genome and little repetitive DNA, such as rice. 

rearrangements in additional copies of the transgene. This is most 
likely to occur in transformation by direct gene transfer in which multiple copies of the 
transforming DNA are often integrated at the same genetic locus in the plant genome 
with subsequent rearrangements of some of the copies. During such 
rearrangements, a DNA containing bamase DNA could be inadvertently be placed 
under control of a promoter present in the transforming DNA (e.g. the P35S 
promoter) or in the adjacent plant genomic DNA. 

Whatever the reason, the use in plant transformation of a coregulating gene of 
this invention combined with a corresponding male-sterility gene will generally result 
in a higher frequency of male-sterile transgenic plants with good agricultural 
performance. 
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It will also be appreciated that the coregulating genes of the invention will be useful in 
combination with a pseudo male-sterility gene which comprises a male-sterility DNA 
that is under control of promoters that are not entirely stamen-specific, but that also 
are known to direct expression in some other tissue(s) outside the stamen (e;g. 
seeds). In this regard the coregulating promoter should be a promoter that is active in 
these some other tissue(s) to a sufficient level to counter the expression of the 
pseudo male-sterility gene but that is does not prevent the pseudo male-sterility 
gene" to be expressed in stamen cells (e.g. tapetum, anther-epidermal cells). In this 
regard the pseudo male-sterility gene and the coregulating gene together will be 
equivalent to a male-sterility gene which comprises a true stamen-specific promoter. 
As already indicated, the invention allows the generation of a higher number of male- 
sterile plants with good agronomical performance. In such plants the male-sterility 
gene will be genetically stable, i.e. the gene should be inherited and all plants 
comprising the gene should be male-sterile. Nevertheless it may not be absolutely 
required that all seeds that contain the gene are viable (i.e. will grow into normal 
mature plants). It is generally sufficient that from each male-sterile plant viable seeds 
that have inherited the male-sterility gene can be obtained. 
Preferably the performance of the male-sterility gene (i.e. its phenotypic expression) 
should also be independent on genetic background so that the gene can be readily 
introduced in other lines through backcrossing. 

It is generally also required that the male-sterility genotype is environmentally stable 
and that the phenotype will be independent of the various environmental conditions 
that can occur in the area and period in which the plants will be grown. Such 
environmental stability is usually demonstrated by performing field trials with the 
male-sterile plants in 3 or 4 different locations. 

It is generally also desired that the male-sterility genotype has no significant negative 
effects on agronomically important characteristics and on plant development. 
Nevertheless this will depend not only on the performance of the male-sterile parent 
line, but also of the performance of the hybrid obtained from that parent line. Indeed, 
these negative effects can in some circumstances be compensated by significant 
advantages in the hybrid. 
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Finally, in plant species where restoration of fertility is required, either in maintenance 
of the 'male-sterile line, or in hybrid seed production, the male-sterility genotypes 
should be restorable by at least one fertility restorer gene. 

Unless otherwise indicated all experimental procedures for manipulating 
recombinant DNA were carried out by the standardized procedures described in 
Sambrook et al., 1989, "Molecular Cloning: a Laboratory Manual", Cold Spring 
Harbor Laboratory, and Ausubel et al, 1994, "Current Protocols in Molecular Biology", 
John Wiley & Sons, Vols 1 and 2. 

The polymerase chain reactions ("PCR") were used to clone and/or amplify DNA 
fragments. PCR with overlap extension was used in order to construct chimeric 
genes (Horton et al, 1989, Gene 77:61-68; Ho et al, 1989, Gene 77:51-59). 
Ail PCR reactions were performed under conventional conditions using the Vent™ 
polymerase (Cat. No. 254L - Biolabs New England, Beverley, MA 01915, U SA) 
isolated from Therrnococcus litoralis (Neuner et al., 1990, Arch.Microbiol. 153:205- 
207). Oligonucleotides were designed according to known rules as outlined for 
example by Kramer and Fritz (1987, Methods in Enzymology 154:350), and 
synthesized by the phosphoramidite method (Beaucage and Caruthers, 1981, 
Tetrahedron Letters 22:1859) on an Applied Biosystems 380A DNA synthesizer 
(Applied Biosystems B.V., Maarssen, Netherlands). 

In the description and in the following examples, reference is made to 
the following figure and sequence listing: 
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FIGURES 

Figure 1 : 
invention: 

DNA) 



DNA) 



Schematic presentation of three examples of foreign DNA of this 
Pster : sterility promoter 

bamase : region coding for bamase (as example of a sterility 

3'end : 3' untranslated region of a gene (e.g. 3'nos, 3'g7) 

Pcoreo : coregulating promoter (e.g. P35S, Pnos) 

barstar : region coding for barstar (as example of coregulating 

Pmin : minimal plant promoter 
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SEQUENCE LISTING 



SEQ ID N0 1 
SEQID NO 2: 
SEQ ID NO 3: 
SEQ ID NO 4 

Examples 



pTS174 

pTS88 Hindlll-EcoRI 

pVE136-EcoRI-Hindlll 

T-DNAofpTC0113 



Example 1 : Coregulating oenes in rice 

Compact embryogenic callus from rice cultivar Kochihibiki was obtained and 
transformation of callus cells by electroporation was achieved using the procedures 
as described in WO 92/096096, particularly in Example 9, except that the 
transforming DNA consisted of either plasmid pTS174 or plasmids pTS174 and 
pTS88 in equimolar amounts or more preferably in a 1:3 molar ratio. Prior to 
transformation, pTS174 and pTS88 were preferably linearized by digestion with 
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appropriate restriction enzymes. All tissue culture steps were also carried out as 
decribed in WO 92/09696, example 9. 

pTS174 is a pUC19 derived plasmid containing, in its polylinker, the bamase DNA 
under control of the PE1 promoter (PE1 -bamase- 3'nos) and the bar gene under 
control of a 35S promoter (P35S-bar-3'g7). The sequence of pTS174 is given in SEQ 
ID No 1. pTS88 is a pGEM2 derived plasmid containing, between the Hindlll and 
EcoRI sites of its polylinker, the barstar DNA under control of a 35S promoter (P35S- 
barsjar-3'g7). The sequence of the HindUI-EcoRI fragment of pTS88 is given in SEQ 
ID No 2. All chimeric genes comprising barstar. bamase. or bar also contained 
suitable 3' untranslated regions (e.g. of the nopaline synthase gene (3'nos) and gene 
7 (3'g7) of Aarobacterium T-DNA). 

Plasmids containing a fertility restorer gene comprising the barstar DNA under 
control of stamen-specific promoter of rice (PE1 -barstar), and a herbicide resistance 
gene comprising the bar gene under control of the 35S promoter (P35S-bar) chimeric 
genes were used as control. 

The results of the transformation experiments is presented in Table 1. In 
transformation experiments with pTS174 only one normal male-sterile line could be 
recovered from 48 electroporation cuvettes. In transformation experiments with 
PTS174 + pTS88, 7 normal male sterile lines could be recovered from 40 cuvettes. 
Each cuvette contained about 50 callus pieces (approximately 1 -2 mm in diameter) of 
tissue fragments. 

In this regard a normal male-sterile plant is understood to be a male-sterile rice plant 
(i.e. with small, white anthers that do not contain pollen) that is otherwise completely 
normal (e.g. is female-fertile) and that transmits the male-sterility phenotype to its 
progeny in accordance with normal Mendelian segregation of the chimeric bamase 
gene. 

From table 1 it is also clear that the advantage of using pTS174 + pTS88 over using 
pTS174 alone resides in the number of normal regenerated shoots that can be 
recovered on selective regeneration medium thus attesting to the fact that the P35S- 
barstar gene affects mainly cells in tissue culture. In this regard it is also important to 
note that plants containing both the P35S -barstar -3'g7 and the PEI-bamase^'nos 
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chimeric genes are male-sterile attesting to the fact that the P35S promoter is not 
active (or less active than the PE1 promoter) in specific stamen cells (particularly 
tapetum cells) of rice plants. 

Example 2 : Coreaulatina genes in com. 

Maize plants of lines H99, Pa91 and (Pa91xH99)xH99 ((PxH)xH) were grown in the 
greenhouse. Type I callus was initiated from immature zygotic embryos of 1 to 1.5 
mm in size, which were excised from ears 10 to 14 days after pollination and then 
plated on MahMI callus initiation medium (D'Halluin et al, 1992, The Plant Cell 
4:1495-1505). Embryogenic callus was removed from the scutella of the embryos and 
subcultured every 2 to 3 weeks on Mah1 VII substrate. Pieces of embryogenic tissue 
(about 1 to 1.5 mm in diameter) were isolated from actively growing embryogenic 
callus cultures and were placed on a plate with MahMI substrate supplemented with 
0.2 M mannitol and 0.2 M sorbitol for osmotic pretreatment for 4 hours before 
bombardment (Vain et al, 1 993, Plant Cell Reports 12:84-88). A total amount of about 
250 mg of tissue per plate was used in the bombardment experiments. DNA was 
bombarded into the tissue using the PDS-1000/He Biolistics TO device (Bio-Rad). 
Microcarrier preparation and coating of DNA onto the microcarriers was essentially 
as described by Sanford et al (1993, In Wu, R. (Ed.). Meth. Enzymol. 217:483-509). 
The particle bombardment parameters were: target distance: 6 to 9 cm; 
bombardment pressures: 1100 to 1500 psi; gap distance: 1/4 inches; macrocarrier 
flight distance: 11 mm. DNA was either linear or circular. The bombarded tissue was 
removed from the high osmotic medium (between 0 to 24 hours after bombardment) 
and transferred to selective maintenance medium without caserne hydrolysate and 
proline, but containing 10 to 20 mg/l BASTA The embryogenic callus was 
subcultured every 2 to 3 weeks for a total period of 6 to 8 weeks and was then 
transferred to MS medium (Murashige and Skoog, 1962, Physiol. Plant. 15:473-497) 
containing 3% sucrose, 10-20 mg/l BASTA, and 5 mg/l BAP (for lines H99) or 5 mg/l 
zeatine (for lines Pa91 or (PxH)xH). The embryogenic tissue was subcultured twice 
on substrate containing the appropriate cytokinin. Small regenerating plants were 
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recovered and transferred to MS medium without hormones, but containing 6% 
sucrose and 10-20 mg/l BASTA Further developing shoots were transferred to half- 
strength MS medium with 1 .5 % sucrose for further elongation. The resulting plantlets 
were then transferred to soil in the greenhouse. It was found that after the 
5 transformation step, the concentration of BASTA in the culture medium could be 
reduced down to 2 mg/l. 

The following DNA was used. In one set of experiments callus was transformed with 
plasmid pVE136 which is a pUC19 derived plasmid containing, between the EcoRI 
and Hindlll sites of its polylinker, the bamase DNA under control of the PCA55 

10 promoter (PCA55-bamase-3'nos) and a chimeric P35S-bar-3'nos gene. The 
sequence of the EcoRI-Hindlll fragment of pVE1 36 is given in SEQ ID. No. 3. In other 
experiments callus was bombarded with an equimolar mixture of pVE136 and pTS88. 
pTS88 is the plasmid described in Example 1. In control experiments callus was 
bombarded with plasmid pDE110 which is a plasmid containing only the P35S-bar- 

is 3'nos chimeric gene and is described in WO 92/29696. 

The results of the transformation experiments are presented in Table 2. In 
transformation experiments with pVE136 ♦ pTS88 the number of PAT positive plants, 
relative to the starting material, is almost twice that obtained in experiments using 
pVE1 36 alone. 

20 It is important to note that corn plants containing both the P35S -barstar -3'g7 and the 
PCA55 -bamase -3'nos chimeric genes are male-sterile attesting to the fact that the 
P35S promoter is not active (or less active than the PCA55 promoter) in stamen cells 
of com plants. 
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Example 3 : Coreaulatina genes in oilseed rape 

Oilseed rape plants (Brassica nanus - both spring and winter varieties) were 
transformed with plasmid pTC0113 using the Aarobacterium mediated 
transformation procedure essentially as decribed by De Block et al, 1989, Plant 
Physiol. 91:694-701. 

Plasmid pTC0113 is a intermediate cloning vector (T-DNA vector) containing 
between Agrobacterium T-DNA borders the following genes: 

the bar gene under control of the PSSU promoter 

the bamase gene under control of the PTA29 promoter 

the barstar gene under control of the Pnos promoter. 
The sequence of the T-DNA of pTC01 13 is presented in SEQ ID. No 4. 

Transformation efficiency with pTC0113 was observed to be equal to that obtained 
with pTHW107 which is a T-DNA vector that is identical to pTC0113 but lacks the 
Pnos-barstar gene (the nucleotide sequence of pTHW107 is identical to that of SEQ 
ID No. 4 except that it lacks the nucleotide region 4917-5834). 

Oilseed rape plants transformed with pTC0113 were observed to be male-sterile. 
More precisely, of 31 spring oilseed rape plants regenerated after transformation with 
pTC01 13, 27 plants (87%) were shown to be male-sterile. Of 22 spring oilseed rape 
plants regenerated after transformation with pTHW107, 20 plants (91%) were shown 
to be male-sterile (Table 3). 

Seeds harvested from male-sterile TO plants pollinated by untransformed male-fertile 
plants, were grown into T1 plants in the greenhouse. 60% of the plants of each T1 
line are expected to carry the male-sterility gene. Plants were analyzed at the time 
that 50%, respectively 100% of the plants had started flowering. It was observed that 
plants transformed with pTC0113 have a smaller delay of flowering as compared to 
plants transformed with pTHW107. This was measured by the ratio of male-fertile 
(F)/male-sterile (S) plants at the moment that 50% of the plants had started to flower 
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(Table 3). When all plants flowered, the ratio F/S was 54/46 for both pTC0113 and 
pTHW107 plants. 

The seeds harvested from male-sterile T1 plants of different lines, pollinated by 
untransformed male-fertile plants, were sown in the field and analyzed with respect to 
the segregation of the male-sterility genes in the T2 progeny plants. Only 2 out of 7 
tested pTHW107 lines, but no less than 12 out of 14 tested pTC0113 lines, showed 
a normal 1:1 Mendelian segregation (X 2 =6.86, p<0.01) (Table 3) 
It can therefore be conducted that in transformation experiments with pTC0113 a 
higher percentage of good male-sterile plants was obtained. 
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TABLE 1 



DNA 


Total Nr of 
cuvettes 


Regenerarrts 


(Nrof 

experiments) 


PAT+ 1 ' 
normal 
shoots 


PCR+ 21 


male-sterility 
phenotype s 


progeny 
analysis 4 


PTS174 


48(9) 


1 


1/1 


1/1 


1/1 


PTS174 * pTS88 


40(8) 


33 


24/33 


9/24 


7/9 


FR constructs 


23(9) 


23 









1) Total number of shoots regenerated on PPT (i.e. selective) medium that 
appeared phenotypically normal 

2) Number of PCR+ plants/Number of analyzed PAT+ plants. PCR+ for bamase or 
bamase/barstar. 

10 3) Number of male-sterile but otherwise normal plants/number of analyzed bamase 
PCR+ plants 

4) Number of phenotypically normal male-sterile plants with good segregation of 
male-sterile phenotype in progeny/Nr of analyzed male-sterile plants 
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TABLE 2 



DNA 


Total Nrof 
bombarded 
plates 


Regenerants 


rroyci iy 

analysis 


PAT+ 1} 


bamase 


male-sterility 
phenotype * 


DVE136 


118 


68* 


34/62 


27/34 


7/16 


pVE136+pTS88 


131 


141 


82/125 


64/82 


17/34 


pDEHO* 


65 


125 









1) Total number of PAT+ regenerants recovered from all transformation 
experiments. 

2) Number of PCR+ plants/Number of analyzed PAT+ plants 

3) Number of male-sterile plants/number of analyzed barnasePCR+ plants 

4) Number of male-sterile plants with good segregation (1:1) of male-sterile 
phenotype in progeny/Nr of analyzed male-sterile plants 

5) Number of selected calii was significantly less when compared to calli of 
transformation experiments containing P35S-barstar 

6) Cotransformation experiments using pDE110 in combination with plasmids not 
comprising cytotoxic genes. 
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TABLE 3 





T0 1) 


T1 81 


T2 


F/Sat50% 
Flowering 


F/S at 100% 
Flowering 


Progeny Analysis^ 


PTHW107 


20/22 


72%/ 28% 


54%/ 46% 


2/7 


PTC0113 


27/31 


62%/ 38% 


64%/ 46% 


12/14 



1) TO : Number of transformed plants that were male-sterile/number of Basta- 
tolerant plants regenerated after transformation. 

2) T1 : percentage of T1 plants with male-fertile flowers (F) / percentage of T1 
plants with male-sterile flowers (S) at a time that 50%, respectively 100%, of 
the T1 plants started to flower. Data from different lines (18 pTHW107 and 17 
pTC01 1 3 lines respectively) were pooled. 

3) T2: Number of T1 lines that have a normal 1 :1 segregation of the male-sterility 
gene / total numbers of T1 lines that were examined in the field. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: PLANT* GENETIC SYSTEMS N.V. 

(B) STREET: Plateaustraat 22 
<C) CITY: Ghent 

(E) COUNTRY: Belgium 

<F) POSTAL CODE (ZIP): 9000 

(G) TELEPHONE: 32 9 235 84 58 

(H) TELEFAX: 32 9 224 06 94 

(I) TELEX: 11.361 Pgsgen 

(ii) TITLE OF INVENTION: Method to obtain male sterile plants 
(iii) NUMBER OF SEQUENCES: 4 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC- DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0 r Version #1.30 (EPO) 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6548 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: plasmid pTS174 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION : 1 . .2003 

(D) OTHER INFORMATION: /label= vector 

/note= "pUC19 derived vector sequences" 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION : complement (2019.. 2283) 
(D) OTHER INFORMATION :/label= 3'nos 

/note- "region containing polyadenylation signal of 

nopaline 

synthase gene of Agrobacterium T-DNA" 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION : complement (22 84.. 2 62 4) 
(D) OTHER INFORMATION :/label= barnase 

/note= "region coding for barnase of Bacillus 

amyloliquef aciens" 
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Ux> FEATURE: 

(A) NAME/ KEY: - ■ • 

(B) LOCATION: complement (2625.. 4313) 
(D) OTHER INFORMATION :/label= PE1 

/note= "promoter of the stamen-specific El gene of 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: 4336. .5710 

<D) OTHER INFORMATION :/label= P35S 

/note= "35S promoter of Cauliflower Mosaic Virus" 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION : 57 1 1 . .6262 

(D) OTHER INFORMATION: /label= bar 

* — _^ /note* "region coding for phosphinothricin acetyl 

transferase" J 

Ux) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: 6263 . .6496 

(D) OTHER INFORMATION : /label- 3'g7 

„ ^ /noto» "region containing polyadenylation signal of 

gene 7 of 

Agrobacterium T-DNA" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

AATTCAAGCT TGACGTCAGG TGGCACTTTT CGGGGAAATG TGCGCGGAAC CCCTATTTGT 60 

TTATTTTTCT AAATACATTC AAATATGTAT CCGCTCATGA GACAATAACC CTGATAAATG 120 

CTTCAATAAT ATTGAAAAAG GAAGAGTATG AGTATTCAAC ATTTCCGTGT CGCCCTTATT 180 

CCCTTTTTTG CGGCATTTTG CCTTCCTGTT TTTGCTCACC CAGAAACGCT GGTGAAAGTA * 240 

AAAGATGCTG AAGATCAGTT GGGTGCACGA GTGGGTTACA TCGAACTGGA TCTCAACAGC 300 

GGTAAGATCC TTGAGAGTTT TCGCCCCGAA GAACGTTTTC CAATGATGAG CACTTTTAAA 360 

GTTCTGCTAT GTGGCGCGGT ATTATCCCGT ATTGACGCCG GGCAAGAGCA ACTCGGTCGC 420 

CGCATACACT ATTCTCAGAA TGACTTGGTT GAGTACTCAC CAGTCACAGA AAAGCATCTT 480 

ACGGATGGCA TGACAGTAAG AGAATTATGC AGTGCTGCCA TAACCATGAG TGATAACACT 540 

GCGGCCAACT TACTTCTGAC AACGATCGGA GGACCGAAGG AGCTAACCGC TTTTTTGCAC 600 

AACATGGGGG ATCATGTAAC TCGCCTTGAT CGTTGGGAAC CGGAGCTGAA TGAAGCCATA 660 

CCAAACGACG AGCGTGACAC CACGATGCCT GTAGCAATGG CAACAACGTT GCGCAAACTA 720 

TTAACTGGCG AACTACTTAC TCTAGCTTCC CGGCAACAAT TAATAGACTG GATGGAGGCG 780 

GATAAAGTTG CAGGACCACT TCTGCGCTCG GCCCTTCCGG CTGGCTGGTT TATTGCTGAT 840 
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AAATCTGGAG CCGGTGAGCG TGGGTCTCGC GGTATCATTG CAGCACTGGG GCCAGATGGT 900 

AAGCCCTCCC GTATCGTAGT TATCTACACG ACGGGGAGTC AGGCAACTAT GGATGAACGA 960 

AATAGACAGA TCGCTGAGAT AGGTGCCTCA CTGATTAAGC ATTGGTAACT GTCAGACCAA 1020 

GTTTACTCAT ATATACTTTA GATTGATTTA AAACTTCATT TTTAATTTAA AAGGATCTAG 1080 

GTGAAGATCC TTTTTGGCTC GAGTCTCATG ACCAAAATCC CTTAACGTGA GTTTTCGTTC 1140 

CACTGAGCGT CAGACCCCGT AGAAAAGATC AAAGGATCTT CTTGAGATCC TTTTTTTCTG 1200 

CGCGTAATCT GCTGCTTGCA AACAAAAAAA CCACCGCTAC CAGCGGTGGT TTGTTTGCCG 1260 

GATCAAGAGC TACCAACTCT TTTTCCGAAG GTAACTGGCT TCAGCAGAGC GCAGATACCA 1320 

AATACTGTCC TTCTAGTGTA GCCGTAGTTA GGCCACCACT TCAAGAACTC TGTAGCACCG 1380 

CCTACATACC TCGCTCTGCT AATCCTGTTA CCAGTGGCTG CTGCCAGTGG CGATAAGTCG 1440 

TGTCTTACCG GGTTGGACTC AAGACGATAG TTACCGGATA AGGCGCAGCG GTCGGGCTGA 1500 

ACGGGGGGTT CGTGCACACA GCCCAGCTTG GAGCGAACGA CCTACACCGA ACTGAGATAC 1560 

CTACAGCGTG AGCATTGAGA AAGCGCCACG CTTCCCGAAG GGAGAAAGGC GGACAGGTAT 1620 

CCGGTAAGCG GCAGGGTCGG AACAGGAGAG CGCACGAGGG AGCTTCCAGG GGGAAACGCC 1680 

TGGTATCTTT ATAGTCCTGT CGGGTTTCGC CACCTCTGAC TTGAGCGTCG ATTTTTGTGA 1740 

TGCTCGTCAG GGGGGCGGAG CCTATGGAAA AACGCCAGCA ACGCGGCCTT TTTACGGTTC 1800 

CTGGCCTTTT GCTGGCCTTT TGCTCACATG TTCTTTCCTG CGTTATCCCC TGATTCTGTG 1860 

GATAACCGTA TTACCGCCTT TGAGTGAGCT GATACCGCTC GCCGCAGCCG AACGACCGAG 1920 

CGCAGCGAGT CAGTGAGCGA GGAAGCGGAA GAGCGCCCAA TACGCAAACC GCCTCTCCCC 1980 

GCGCGTTGGC CTGATCAGAA TTCATATGCA CGTGTTCCCG ATCTAGTAAC ATAGATGACA 2040 

CCGCGCGCGA TAATTTATCC TAGTTTGCGC GCTATATTTT GTTTTCTATC GCGTATTAAA 2100 

TGTATAATTG CGGGACTCTA ATCATAAAAA CCCATCTCAT AAATAACGTC ATGCATTACA 2160 

TGTTAATTAT TACATGCTTA ACGTAATTCA ACAGAAATTA TATGATAATC ATCGCAAGAC 2220 

CGGCAACAGG ATTCAATCTT AAGAAACTTT ATTGCCAAAT GTTTGAACGA TCTGCTTCGG 2280 

AGGTTACCTT ATCTGATTTT TGTAAAGGTC TGATAATGGT CCGTTGTTTT GTAAATCAGC 2340 

CAGTCGCTTG AGTAAAGAAT CCGGTCTGAA TTTCTGAAGC CTGATGTATA GTTAATATCC 2400 
GCTTCACGCC ATGTTCGTCC GCTTTTGCCC GGGAGTTTGC CTTCCCTGTT TGAGAAGATG 2460 
TCTCCGCCGA TGCTTTTCCC CGGAGCGACG TCTGCAAGGT TCCCTTTTGA TGCCACCCAG 2520 
CCGAGGGCTT GTGCTTCTGA TTTTGTAATG TAATTATCAG GTAGCTTATG ATATGTCTGA 2580 
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AGATAATCCG CAACCCCGTC AAACGTGTTG 
ATCTCTTGCT GGACACCGGG ATGCTAGGAT 
5 TTTTGTAGGC GCCGGCGACG GCGGGGGCAA 

GCAAGTGACT GCAACAACCA AGGACGGTCA 
ACAGGATGTA GCAGTAGCAC GGTGAAAGAA 

10 

CCGTTGGCCA GAACAGGACC GTTCAACAGT 
ATGTATGGCA AATAGTAGTA AATTTTGCCC 
15 TGGAAAGCCT CTAGCATATC TTTTTTGACA 

AGCAATGACG TTGCCCATGT CGTGGCAAAC 
CCTTCAACGG CTCAATCCCC ACAGGCCAAG 

20 

GAGAGATTAT ACTACCATTT TTAAGTGCTT 
CAGAAACACA AAGTTTTAGC AGCGTAATAT 
25 TCCTCATTTT CCGAGAGATT CTGACAGTGA 

CAAGTCGATC CACAAGCTTC TTGGTGGAGG 
GGAAATTATT CAGAATTAGT GCCTTTTATC 

30 

GATTTCATTG TTGGGAGCTA TGCAGTTGCG 
TCTGCGGGGG TCCTTGCTGG GGCAACATTG 
35 AATATAATTC CGCTCCTTTG CCAGATTGCC 

TCAAATGCCG CACCACTCTT GGACAGGTAT 
ACTCAGCTTA CAGAAATGGC ATTTCACGTA 

40 

CAACTAACTG TTTCCGAATT TCAGGGCCCC 
ACATGCCTTC AGAGAAATGG CATTGACCGT 
45 TCTTTACGAC ATTGCATGTG GAAAGGATCT 

ACTCCTTTGC TACGTTAATA AGAGATGTAA 
TCCAAGGATT GTGCAATTCT TTCTGGAGCG 

50 

TATTGAATTG CAGAGTTAGC CAATAATCCT 
ACTCAATATA GTTCTGGACT AACAATCAGA 
55 TATTGGTATT GTCGGCGATT GGAAGTTCTT 

GGTATTCCAG ATAAATATTA AATTTTAATA 
TAGCCTAGGC CCGGGCCCAC AAAAATCTGA 



35 

ATAACCGGTA CCATCGAGAC GGCTTGATGG 2640 

GGGTTATCGT GGCCGGCGTG CGTGTGTGGC 2700 

TGTGGCAGGT GAGTCACGGT GCAAGCGTGC 2760 

TGGCGAAAGC ACCTCACGCG TCCACCGTCT 2820 

GTGTTGTCCC GTCCATTAGG TGCATTCTCA 2880 

TAGGTTGAGT GTAGGACTTT TACGTGGTTA 2940 

CCATTGGTCT GGCTGAGATA GAACATATTC 3000 

GCTAAACTTT GCTTCTTGCC TTCTTGGTCT 3060 

ATCTGGTAAG GTAACTGTAT TCGTTTGTTC 3120 

CTATCCTTTC CTTGGCAGTA TAGGCTCCTT 3180 

ATAAAGACGA TGCTCTCTAA CCAGATCGAT 3240 

CCCACACACA TACACACACG AAGCTATGCC 3300 

CCAGAATGTC AGAATGCCAT TTCATGGGCA 3360 

TCAAGGTGTG CTATTATTAT TCGCTTTCTA 3420 

ATAACTTCTC TCTGAGCCGA TGTGGTTTTG 3480 

GATATTCTGC TGTGGAAGAA CAGGAACTTA 3540 

ATATGGTTCC TGTTCGATGT AGTAGAATAC 3600 

ATTCTTGCCA TGCTTGTGAT CTTCATTTGG 3660 

TAGCTTTATT TCCTGTGGAG ATGGTAGAAA 3720 

GTATAACGCA AGACATTAGG TACTAAAACT 3780 

TCCAAGGATC CCAGAAATCA TCATCTCTGA 3840 

CCATTACAAA CTAACGTACA CTGTATCTGT 3900 

GAAGAGATTT CTCCTGGTAC ATAATAATCT 3960 

AAACATGCAA CAGTTCCAGT GCCAACATTG 4020 

CTAAAATTGA CCAGATTAGA CGCATCAGAA 4080 

CATAATGTTA ATGTGCTATT GTTGTTCACT 4140 

TTGTTTATGA TATTAAGGTG GTTGGATCTC 4200 

GCAGCTTGAC AAGTCTACTA TATATTGGTA 4260 

AAACAATCAC ACAGAAGGAT CTGCGGCCGC 4320 

GCTTAACAGC ACAGTTGCTC CTCTCAGAGC 4380 
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IS 



20 



25 



36 

AGAATCGGGT ATTCAACACC CTCATATCAA CTACTACGTT GTGTATAACG GTCCACATGC 4440 

m 

CGGTATATAC GATGACTGGG GTTGTACAAA GGCGGCAACA AACGGCGTTC CCGGAGTTGC 4500 

ACACAAGAAA TTTGCCACTA TTACAGAGGC AAGAGCAGCA GCTGACGCGT ACACAACAAG 4560 

TCAGCAAACA GACAGGTTGA ACTTCATCCC CAAAGGAGAA GCTCAACTCA AGCCCAAGAG 4620 

CTTTGCTAAG GCCCTAACAA GCCCACCAAA GCAAAAAGCC CACTGGCTCA CGCTAGGAAC 4680 

CAAAAGGCCC AGCAGTGATC CAGCCCCAAA AGAGATCTCC TTTGCCCCGG AGATTACAAT 4740 

GGACGATTTC CTCTATCTTT ACGATCTAGG AAGGAAGTTC GAAGGTGAAG GTGACGACAC 4800 

TATGTTCACC ACTGATAATG AGAAGGTTAG CCTCTTCAAT TTCAGAAAGA ATGCTGACCC 4860 

ACAGATGGTT AGAGAGGCCT ACGCAGGAGG TCTCATCAAG ACGATCTACC CGAGTAACAA 4920 

TCTCCAGGAG ATCAAATACC TTCCCAAGAA GGTTAAAGAT GCAGTCAAAA GATTCAGGAC 4980 

TAATTGCATC AAGAACACAG AGAAAGACAT ATTTCTCAAG ATCAGAAGTA CTATTCCAGT 5040 

ATGGACGATT CAAGGCTTGC TTCATAAACC AAGGCAAGTA ATAGAGATTG GAGTCTCTAA 5100 

AAAGGTAGTT CCTACTGAAT CTAAGGCCAT GCATGGAGTC TAAGATTCAA ATCGAGGATC 5160 

TAACAGAACT CGCCGTGAAG ACTGGCGAAC AGTTCATACA GAGTCTTTTA CGACTCAATG 5220 

30 ACAAGAAGAA AATCTTCGTC AACATGGTGG AGCACGACAC TCTGGTCTAC TCCAAAAATG 5280 

TCAAAGATAC AGTCTCAGAA GACCAAAGGG CTATTGAGAC TTTTCAACAA AGGATAATTT 5340 

CGGGAAACCT CCTCGGATTC CATTGCCCAG CTATCTGTCA CTTCATCGAA AGGACAGTAG 5400 

AAAAGGAAGG TGGCTCCTAC AAATGCCATC ATTGCGATAA AGGAAAGGCT ATCATTCAAG 5460 

ATGCCTCTGC CGACAGTGGT CCCAAAGATG GACCCCCACC CACGAGGAGC ATCGTGGAAA 5520 

40 AAGAAGACGT TCCAACCACG TCTTCAAAGC AAGTGGATTG ATGTGACATC TCCACTGACG 5580 

TAAGGGATGA CGCACAATCC CACTATCCTT CGCAAGACCC TTCCTCTATA TAAGGAAGTT 5640 

CATTTCATTT GGAGAGGACA CGCTGAAATC ACCAGTCTCT CTCTATAAAT CTATCTCTCT 5700 

45 

CTCTATAACC ATGGACCCAG AACGACGCCC GGCCGACATC CGCCGTGCCA CCGAGGCGGA 5760 

CATGCCGGCG GTCTGCACCA TCGTCAACCA CTACATCGAG ACAAGCACGG TCAACTTCCG 5820 

50 TACCGAGCCG CAGGAACCGC AGGAGTGGAC GGACGACCTC GTCCGTCTGC GGGAGCGCTA 5880 

TCCCTGGCTC GTCGCCGAGG TGGACGGCGA GGTCGCCGGC ATCGCCTACG CGGGCCCCTG 5940 

GAAGGCACGC AACGCCTACG ACTGGACGGC CGAGTCGACC GTGTACGTCT CCCCCCGCCA 6000 

CCAGCGGACG GGACTGGGCT CCACGCTCTA CACCCACCTG CTGAAGTCCC TGGAGGCACA 6060 

GGGCTTCAAG AGCGTGGTCG CTGTCATCGG GCTGCCCAAC GACCCGAGCG TGCGCATGCA 6120 
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CGAGGCGCTC GGATATGCCC CCCGCGGCAT 


GCTGCGGGCG 


GCCGGCTTCA AGCACGGGAA 


6180 


CTGGCATGAC GTGGGTTTCT GGCAGCTGGA 


CTTCAGCtTG 


CCGGTACCGC 


CCCGTCCGGT 


6240 


CCTGCCCGTC ACCGAGATCT GAGATCACGC 


GTTCTAGGAT 


CCCCCGATGA 


GCTAAGCTAG 


6300 


CTATATCATC AATTTATGTA TTACACATAA 


TATCGCACTC 


AGTCTTTCAT 


CTACGGCAAT 


6360 


GTACCAGCTG ATATAATCAG TTATTGAAAT 


ATTTCTGAAT 


TTAAACTTGC 


ATCAATAAAT 


6420 


TTATGTTTTT GCTTGGACTA TAATACCTGA CTTGTTATTT 


TATCAATAAA 


TATTTAAACT 


6480 


ATATTTCTTT CAAGATGGGA ATTAACATCT 


ACAAATTGCC 


TTTTCTTATC 


GACCATGTAC 


6540 


GTATCGCG 








6548 


(2) INFORMATION FOR SEQ ID NO: 2: 











(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 1303 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: DMA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Hindlll-EcoRI fragment of pTS88 

30 <ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: 1. .35 

(D) OTHER INFORMATION :/label= pGEM2 
/note= "polylinker of pGEM2" 

FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: 36. .694 
(D) OTHER INFORMATION: /label* P35S 

/note= W 35S promoter of Cauliflower Mosaic Virus strain 



(ix> 



40 

CM1641" 



(ix) FEATURE: 

(A) NAME/ KEY: - 
4* IB) LOCATION: 695. .967 

(D) OTHER INFORMATION :/label= barstar 

/note= "region coding for barstar of Bacillus 

amyloliquef aciens " 

50 (ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION : 968 . .1287 

(D) OTHER INFORMATION: / label- 3'g7 

/note* "region containing polyadenylation signal of 

53 gene 7 of 

Agrobacterium T-DNA" 



(ix) FEATURE: 

(A) NAME/ KEY: - 
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(B) LOCATION: 1288 • .1303 
(D) OTHER INFORMATION; /label = pGEM2 
/note* "polylinker of £GEM2" 



5 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 





AAGCTTGGGC 


TGCAGGTCGA 


CTCTAGAGGA 


TCCCCACTAT 


TCCAGTATGG 


ACGATTCAAG 


60 


10 


GCTTGCTTCA 


TAAACCAAGG 


CAAGTAATAG 


AGATTGGAGT 


CTCTAAGAAA 


GTAGTTCCTA 


120 




CTGAATCAAA 


GGCCATGGAG 


TCAAAAATTC 


AGATCGAGGA 


TCTAACAGAA 


CTCGCCGTGA 


180 


15 


AGACTGGCGA 


ACAGTTCATA 


CAGAGTCTTT 


TACGACTCAA 


TGACAAGAAG 


AAAATCTTCG 


240 


TCAACATGGT 


GGAGCACGAC 


ACTCTCGTCT 


ACTCCAAGAA 


TATCAAAGAT 


ACAGTCTCAG 


300 




AAGACCAAAG 


GGCTATTGAG 


ACTTTTCAAC 


AAAGGGTAAT 


ATCGGGAAAC 


CTCCTCGGAT 


360 


20 


TCCATTGCCC 


AGCTATCTGT 


CACTTCATCA 


AAAGGACAGT 


AGAAAAGGAA 


GGTGGCACCT 


420 




ACAAATGCCA 


TCATTGCGAT 


AAAGGAAAGG 


CTATCGTTCA AGATGCCTCT 


GCCGACAGTG 


480 


25 


GTCCCAAAGA 


TGGACCCCCA 


CCCACGAGGA 


GCATCGTGGA AAAAGAAGAC 


GTTCCAACCA 


540 


CGTCTTCAAA 


GCAAGTGGAT 


TGATGTGATA 


TCTCCACTGA 


CGTAAGGGAT 


GACGCACAAT 


600 




CCCACTATCC 


TTCGCAAGAC 


CCTTCCTCTA 


TATAAGGAAG 


TTCATTTCAT 


TTGGAGAGGA 


660 


30 


CACGCTGAAA 


TCACCAGTCT 


CTCTCTACAA 


ATCGATGAAA AAAGCAGTCA 


TTAACGGGGA 


720 




ACAAATCAGA 


AGTATCAGCG 


ACCTCCACCA 


GACATTGAAA AAGGAGCTTG 


CCCTTCCGGA 


780 


35 


ATACTACGGT 


GAAAACCTGG 


ACGCTTTATG 


GGATTGTCTG 


ACCGGATGGG 


TGGAGTACCC 


640 


GCTCGTTTTG 


GAATGGAGGC 


AGTTTGAACA 


AAGCAAGCAG 


CTGACTGAAA ATGGCGCCGA 


900 




GAGTGTGCTT 


CAGGTTTTCC 


GTGAAGCGAA 


AGCGGAAGGC 


TGCGACATCA 


CCATCATACT 


960 


40 


TTCTTAATAC 


GATCAATGGG 


AGATGAACAA 


TATGGAAACA 


CAAACCCGCA AGCTTGGTCT 


1020 




AGAGGATCCC 


CCGATGAGCT 


AAGCTAGCTA 


TATCATCAAT 


TTATGTATTA 


CACATAATAT 


1080 


45 


CGCACTCAGT 


CTTTCATCTA 


CGGCAATGTA 


CCAGCTGATA 


TAATCAGTTA 


TTGAAATATT 


1140 


TCTGAATTTA 


AACTTGCATC 


AATAAATTTA 


TGTTTTTGCT 


TGGACTATAA 


TACCTGACTT 


1200 




GTTATTTTAT 


CAATAAATAT 


TTAAACTATA 


TTTCTTTCAA 


GATGGGAATT 


AACATCTACA 


1260 


50 


AATTGCCTTT 


TCTTATCGAC 


CATGTACGGG 


CGAGCTCGAA 


TTC 




1303 




(2) INFORMATION FOR SEQ ID NO: 3; 











<i) SEQUENCE CHARACTERISTICS: 
55 (A) LENGTH: 3658 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 



WO 96/26283 



PCT/EP96/00722 



39 



(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: EcoRI-Hindlll fragment of pVE136 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION : 1 • • 2 6 

(D) OTHER INFORMATION : /label 8 pUC19 
/note= "polylinker of pUC19" 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION : complement (28.. 403) 
(D) OTHER INFORMATION : /label 9 3^03 

/note= "region containing polyadenylation signal of 

nopaline 

synthase gene of Agrobacterium T-DNA" 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION complement (404.. 739) 

(D) OTHER INFORMATION: /label = barnase 

/note* "region coding for barnase of Bacillus 

amyloliquefaciens" 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: complement (740.. 1918) 
(D) OTHER INFORMATION: /label= PCA55 

/note= "promoter of CA55 gene of Zea mays" 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: 1956. .2788 

(D) OTHER INFORMATION: /label- P35S 

/note= "35S promoter of Cauliflower Mosaic Virus" 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION : 278 9 . . 3340 

(D) OTHER INFORMATION: /label** bar 

/note= "region coding for phosphinothricin acetyl 

transferase" 

(ix) FEATURE: 

(A) NAME /KEY: - 

(B) LOCATION: 3341. .3623 

(D) OTHER INFORMATION :/label= 3*nos 

/note= "region containing polyadenylation signal of 

nopaline 

synthase gene of Agrobacterium T-DNA" 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: 3 624. .3658 

(D) OTHER INFORMATION: /label- pUC19 
/note= "polylinker of pUC19" 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GAATTCGAGC TCGGTACCCG GGGATCTTCC CGATCTAGTA ACATAGATGA CACCGCGCGC 60 

GATAATTTAT CCTAGTTTGC GCGCTATATT TTGTTTTCTA TCGCGTATTA AATGTATAAT 120 

TGCGGGACTC TAATCATAAA AACCCATCTC ATAAATAACG TCATGCATTA CATGTTAATT 180 

ATTACATGCT TAACGTAATT CAACAGAAAT TATATGATAA TCATCGCAAG ACCGGCAACA 240 

GGATTCAATC TTAAGAAACT TTATTGCCAA ATGTTTGAAC GATCTGCTTC GGATCCTCTA 300 

GAGCCGGAAA GTGAAATTGA CCGATCAGAG TTTGAAGAAA AATTTATTAC ACACTTTATG 360 

TAAAGCTGAA AAAAACGGCC TCCGCAGGAA GCCGTTTTTT TCGTTATCTG ATTTTTGTAA 420 

AGGTCTGATA ATGGTCCGTT GTTTTGTAAA TCAGCCAGTC GCTTGAGTAA AGAATCCGGT 480 

20 CTGAATTTCT GAAGCCTGAT GTATAGTTAA TATCCGCTTC ACGCCATGTT CGTCCGCTTT 540 

TGCCCGGGAG TTTGCCTTCC CTGTTTGAGA AGATGTCTCC GCCGATGCTT TTCCCCGGAG 600 

CGACGTCTGC AAGGTTCCCT TTTGATGCCA CCCAGCCGAG GGCTTGTGCT TCTGATTTTG 660 

TAATGTAATT ATCAGGTAGC TTATGATATG TCTGAAGATA ATCCGCAACC CCGTCAAACG 720 

TGTTGATAAC CGGTACCATG GCTGCAGCTA GTTAGCTCGA TGTATCTTCT GTATATGCAG 780 

30 TGCAGCTTCT GCGTTTTGGC TGCTTTGAGC TGTGAAATCT CGCTTTCCAG TCCCTGCGTG 840 

TTTTATAGTG CTGTACGTTC GTGATCGTGA GCAAACAGGG CGTGCCTCAA CTACTGGTTT 900 

GGTTGGGTGA CAGGCGCCAA CTACGTGCTC GTAACCGATC GAGTGAGCGT AATGCAACAT 960 

TTTTTCTTCT TCTCTCGCAT TGGTTTCATC CAGCCAGGAG ACCCGAATCG AATTGAAATC 1020 

ACAAATCTGA GGTACAGTAT TTTTACAGTA CCGTTCGTTC GAAGGTCTTC GACAGGTCAA 1080 

40 GGTAACAAAA TCAGTTTTAA ATTGTTGTTT CAGATCAAAG AAAATTGAGA TGATCTGAAG 1140 

GACTTGGACC TTCGTCCAAT GAAACACTTG GACTAATTAG AGGTGAATTG AAAGCAAGCA 1200 

GATGCAACCG AAGGTGGTGA AAGTGGAGTT TCAGCATTGA CGACGAAAAC CTTCGAACGG 1260 

45 

TATAAAAAAG AAGCCGCAAT TAAACGAAGA TTTGCCAAAA AGATGCATCA ACCAAGGGAA 1320 

GACGTGCATA CATGTTTGAT GAAAACTCGT AAAAACTGAA GTACGATTCC CCATTCCCCT 1380 

50 CCTTTTCTCG TTTCTTTTAA CTGAAGCAAA GAATTTGTAT GTATTCCCTC CATTCCATAT 1440 

TCTAGGAGGT TTTGGCTTTT CATACCCTCC TCCATTTCAA ATTATTTGTC ATACATTGAA 1500 

GATATACACC ATTCTAATTT ATACTAAATT ACAGCTTTTA GATACATATA TTTTATTATA 1560 

CACTTAGATA CGTATTATAT AAAACACCTA ATTTAAAATA AAAAATTATA TAAAAAGTGT 1620 

ATCTAAAAAA TCAAAATACG ACATAATTTG AAACGGAGGG GTACTACTTA TGCAAACCAA 1680 



55 
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TCGTGGTAAC CCTAAACCCT ATATGAATGA GGCCATGATT GTAATGCACC GTCTGATTAA 1740 
CCAAGATATC AATGGTCAAA 6ATATACATG ATACATCCAA GTCACAGCGA AGGCAAATGT 1800 
GACAACAGTT TTTTTTACCA GAGGGACAAG GGAGAATATC TATTCAGATG TCAAGTTCCC 1860 
GTATCACACT GCCAGGTCCT TACTCCAGAC CATCTTCCGG CTCTATTGAT GCATACCAGG 1920 
AATTGATCTA GAGTCGACCT GCAGGCATGC AAGCTCCTAC GCAGCAGGTC TCATCAAGAC 1980 
GATCTACCCG AGTAACAATC TCCAGGAGAT CAAATACCTT CCCAAGAAGG TTAAAGATGC 2040 
AGTCAAAAGA TTCAGGACTA ATTGCATCAA GAACACAGAG AAAGACATAT TTCTCAAGAT 2100 
CAGAAGTACT ATTCCAGTAT GGACGATTCA AGGCTTGCTT CATAAACCAA GGCAAGTAAT 2160 
AGAGATTGGA GTCTCTAAAA AGGTAGTTCC TACTGAATCT AAGGCCATGC ATGGAGTCTA 2220 
AGATTCAAAT CGAGGATCTA ACAGAACTCG CCGTGAAGAC TGGCGAACAG TTCATACAGA 2280 
GTCTTTTACG ACTCAATGAC AAGAAGAAAA TCTTCGTCAA CATGGTGGAG CACGACACTC 2340 
TGGTCTACTC CAAAAATGTC AAAGATACAG TCTCAGAAGA CCAAAGGGCT ATTGAGACTT 2400 
TTCAACAAAG GATAATTTCG GGAAACCTCC TCGGATTCCA TTGCCCAGCT ATCTGTCACT 2460 
TCATCGAAAG GACAGTAGAA AAGGAAGGTG GCTCCTACAA ATGCCATCAT TGCGATAAAG 2520 
GAAAGGCTAT CATTCAAGAT GCCTCTGCCG ACAGTGGTCC CAAAGATGGA CCCCCACCCA 2580 
C GAG GAG CAT CGTGGAAAAA GAAGACGTTC CAACCACGTC TTCAAAGCAA GTGGATTGAT 2640 
GTGACATCTC CACTGACGTA AGGGATGACG CACAATCCCA CTATCCTTCG CAAGACCCTT 2700 
CCTCTATATA AGGAAGTTCA TTTCATTTGG AGAGGACACG CTGAAATCAC CAGTCTCTCT 2760 
CTATAAATCT ATCTCTCTCT CTATAACCAT GGACCCAGAA CGACGCCCGG CCGACATCCG 2820 
CCGTGCCACC GAGGCGGACA TGCCGGCGGT CTGCACCATC GTCAACCACT ACATCGAGAC 2880 
AAGCACGGTC AACTTCCGTA CCGAGCCGCA GGAACCGCAG GAGTGGACGG ACGACCTCGT 2940 
CCGTCTGCGG GAGCGCTATC CCTGGCTCGT CGCCGAGGTG GACGGCGAGG TCGCCGGCAT 3000 
CGCCTACGCG GGCCCCTGGA AGGCACGCAA CGCCTACGAC TGGACGGCCG AGTCGACCGT 3060 
GTACGTCTCC CCCCGCCACC AGCGGACGGG ACTGGGCTCC ACGCTCTACA CCCACCTGCT 3120 
GAAGTCCCTG GAGGCACAGG GCTTCAAGAG CGTGGTCGCT GTCATCGGGC TGCCCAACGA 3180 
CCCGAGCGTG CGCATGCACG AGGCGCTCGG ATATGCCCCC CGCGGCATGC TGCGGGCGGC 3240 
CGGCTTCAAG CACGGGAACT GGCATGACGT GGGTTTCTGG CAGCTGGACT TCAGCCTGCC 3300 
GGTACCGCCC CGTCCGGTCC TGCCCGTCAC CGAGATCTGA TCTCACGCGT CTAGGATCCG 3360 
AAGCAGATCG TTCAAACATT TGGCAATAAA GTTTCTTAAG ATTGAATCCT GTTGCCGGTC 3420 
TTGCGATGAT TATCATATAA TTTCTGTTGA ATTACGTTAA GGATGTAATA ATTAACATGT 3480 
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AATGCATGAC GTTATTTATG AGATGGGTTT TTATGATTAG AGTCCCGCAA TTATACATTT 3540 

AATACGCGAT AGAAAACAAA ATATAGCGCG CAAACTAGGA TAAATTATCG CGCGCGGTGT 3600 

CATCTATGTT ACTAGATCGG GAAGATCCTC TAGAGTCGAC CTGCAGGCAT GCAAGCTT 3656 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5864 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

<vi) ORIGINAL SOURCE: 

(A) ORGANISM: T-DNA of plasmid pTCOH3 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: complement (1..25) 
(D) OTHER INFORMATION: /label* RB 

/note* "right border of Agrobacterium T-DNA" 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: complement (98.. 330) 
(D) OTHER INFORMATION: /label* 3 1 g7 

/note* "region containing polyadenylation signal of 

gene 7 of 

Agrobacterium T-DNA" 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: complement (331.. 882) 
(D) OTHER INFORMATION: /label* bar 

/note* "region coding for phosphinothricin acetyl 

transferase" 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: complement (883.. 2608) 
(D) OTHER INFORMATION: /label* Pssu 

/note* "promoter of small subunit gene of Rubisco of 
Arabidopsis" 

(ix) FEATURE : 

(A) NAME/KEY: - 

(B) LOCATION complement (2659.. 3031) 
(D) OTHER INFORMATION : /label* 3'nos 

/note* "region containing polyadenylation signal of 

nopaline 

synthase gene of Agrobacterium T-DNA" 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION : complement (3032.. 3367) 
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(D) OTHER INFORMATION: /labels barnase 

/note= "region coding for barnase of Bacillus 

amyloliquef aciens" 

5 (ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: complement (3368.. 4877) 
(D) OTHER INFORMATION :/label= PTA29 

/note= "promoter of stamen-specific TA29 gene of 

10 Nicotiana 

tab a cum" 

(ix) FEATURE: 

(A) NAME/ KEY: - 
15 (B) LOCATION: 4 92 4. .5216 

(D) OTHER INFORMATION: /label= Pnos 

/note= "promoter of nopaline synthase gene of 

Agrobacterium 

T-DNA" 

20 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: 5217. .5489 

<D) OTHER INFORMATION: /label= barstar 
25 /note- "region coding for barstar of Bacillus 

amyloliquef aciens" 

(ix) FEATURE: 

(A) NAME/ KEY: - 
30 (B) LOCATION:5490. .5765 

(0) OTHER INFORMATION: /label= 3'g7 

/note- "region containing polyadenylation signal of 

gene 7 of 

Agrobacterium T-DNA" 



35 



40 



(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: complement (5840.. 5864) 
(D) OTHER INFORMATION: /label= LB 

/note* "left border of Agrobacterium T-DNA" 



<xi> SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

45 AATTACAACG GTATATATCC TGCCAGTACT CGGCCGTCGA ACTCGGCCGT CGAGTACATG 60 

GTCGATAAGA AAAGGCAATT TGTAGATGTT AATTCCCATC TTGAAAGAAA TATAGTTTAA 120 

ATATTTATTG ATAAAATAAC AAGTCAGGTA TTATAGTCCA AGCAAAAACA TAAATTTATT 180 

50 

GATGCAAGTT TAAATTCAGA AATATTTCAA TAACTGATTA TATCAGCTGG TACATTGCCG 240 

TAGATGAAAG ACTGAGTGCG ATATTATGTG TAATACATAA ATTGATGATA TAGCTAGCTT 300 

55 AGCTCATCGG GGGATCCTAG ACGCGTGAGA TCAGATCTCG GTGACGGGCA GGACCGGACG 360 

GGGCGGTACC GGCAGGCTGA AGTCCAGCTG CCAGAAACCC ACGTCATGCC AGTTCCCGTG 420 

CTTGAAGCCG GCCGCCCGCA GCATGCCGCG GGGGGCATAT CCGAGCGCCT CGTGCATGCG 480 
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CACGCTCGGG TCGTTGGGCA GCCCGATGAC AGCGACCACG CTCTTGAAGC CCTGTGCCTC 540 

CAGGGACTTC AGCAGGTGGG TGTAGAGCGT GGAGCCCAGT CCCGTCCGCT GGTGGCGGGG 600 

5 GGAGACGTAC ACGGTCGACT CGGCCGTCCA GTCGTAGGCG TTGCGTGCCT TCCAGGGGCC 660 

CGCGTAGGCG ATGCCGGCGA CCTCGCCGTC CACCTCGGCG ACGAGCCAGG GATAGCGCTC 720 

10 CCGCAGACGG ACGAGGTCGT CCGTCCACTC CTGCGGTTCC TGCGGCTCGG TACGGAAGTT 780 

GACCGTGCTT GTCTCGATGT AGTGGTTGAC GATGGTGCAG ACCGCCGGCA TGTCCGCCTC 840 

GGTGGCACGG CGGATGTCGG CCGGGCGTCG TTCTGGGTCC ATTGTTCTTC TTTACTCTTT 900 

15 

GTGTGACTGA GGTTTGGTCT AGTGCTTTGG TCATCTATAT ATAATGATAA CAACAATGAG 960 

AACAAGCTTT GGAGTGATCG GAGGGTCTAG GATACATGAG ATTCAAGTGG ACT AG GAT CT 1020 

20 ACACCGTTGG ATTTTGAGTG TGGATATGTG TGAGGTTAAT TTTACTTGGT AACGGCCACA 1080 

AAGGCCTAAG GAGAGGTGTT GAGACCCTTA TCGGCTTGAA CCGCTGGAAT AATGCCACGT 1140 

GGAAGATAAT TCCATGAATC TTATCGTTAT CTATGAGTGA AATTGTGTGA TGGTGGAGTG 1200 

25 

GTGCTTGCTC ATTTTACTTG CCTGGTGGAC TTGGCCCTTT CCTTATGGGG AATTTATATT 1260 

TTACTTACTA TAGAGCTTTC ATACCTTTTT TTTACCTTGG ATTTAGTTAA TATATAATGG 1320 

30 TATGATTCAT GAATAAAAAT GGGAAATTTT TGAATTTGTA CTGCTAAATG CATAAGATTA 1380 

GGTGAAACTG TGGAATATAT ATTTTTTTCA TTTAAAAGCA AAATTTGCCT TTTACTAGAA 1440 

TTATAAATAT AGAAAAATAT ATAACATTCA AATAAAAATG AAAATAAGAA CTTTCAAAAA 1500 

35 

ACAGAACTAT GTTTAATGTG TAAAGATTAG TCGCACATCA AGTCATCTGT TACAATATGT 1560 

TACAACAAGT CATAAGCCCA ACAAAGTTAG CACGTCTAAA TAAACTAAAG AGTCCACGAA 1620 

40 AATATTACAA ATCATAAGCC CAACAAAGTT ATTGATCAAA AAAAAAAAAC GCCCAACAAA 1680 

GCTAAACAAA GTCCAAAAAA AACTTCTCAA GTCTCCATCT TCCTTTATGA ACATTGAAAA 1740 

CTATACACAA AACAAGTCAG ATAAATCTCT TTCTGGGCCT GTCTTCCCAA CCTCCTACAT 1800 

45 

CACTTCCCTA TCGGATTGAA TGTTTTACTT GTACCTTTTC CGTTGCAATG ATATTGATAG 1860 

TATGTTTGTG AAAACTAATA GGGTTAACAA TCGAAGTCAT GGAATATGGA TTTGGTCCAA 1920 

50 GATTTTCCGA GAGCTTTCTA GTAGAAAGCC CATCACCAGA AATTTACTAG TAAAATAAAT 1980 

CACCAATTAG GTTTCTTATT ATGTGCCAAA TTCAATATAA TTATAGAGGA TATTTCAAAT 2040 

GAAAACGTAT GAATGTTATT AGTAAATGGT CAGGTAAGAC ATTAAAAAAA TCCTACGTCA 2100 

GATATTCAAC TTTAAAAATT CGATCAGTGT GGAATTGTAC AAAAATTTGG GATCTACTAT 2160 

ATATATATAA TGCTTTACAA CACTTGGATT TTTTTTTGGA GGCTGGAATT TTTAATCTAC 2220 
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ATATTTGTTT TGGCCATGCA CXAACTCATT GTTTAGTGTA ATACTTTGAT TTTGTCAAAT 2280 
ATATGTGTTC GTGTATATTT 6TATAAGAAT TTCTTTGACC ATATACACAC ACACATATAT 2340 
ATATATATAT ATATATTATA TATCATGCAC TTTTAATTGA AAAAATAATA TATATATATA 2400 
TAGTGCATTT TTTCTAACAA CCATATATGT TGCGATTGAT CTGCAAAAAT ACTGCTAGAG 2460 
TAATGAAAAA TATAATCTAT TGCTGAAATT ATCTCAGATG TTAAGATTTT CTTAAAGTAA 2520 
ATTCTTTCAA ATTTTAGCTA AAAGTCTTGT AATAACTAAA GAATAATACA CAATCTCGAC 2580 
CACGGAAAAA AAACACATAA TAAATTTGAA TTTCGACCGC GGTACCCGGA ATTCGAGCTC 2640 
GGTACCCGGG GATCTTCCCG ATCTAGTAAC ATAGATGACA CCGCGCGCGA TAATTTATCC 2700 
TAGTTTGCGC GCTATATTTT GTTTTCTATC GCGTATTAAA TGTATAATTG CGGGACTCTA 2760 
ATCATAAAAA CCCATCTCAT AAATAACGTC ATGCATTACA TGTTAATTAT TACATGCTTA 2820 
ACGTAATTCA ACAGAAATTA TATGATAATC ATCGCAAGAC CGGCAACAGG ATTCAATCTT 2880 
AAGAAACTTT ATTGCCAAAT GTTTGAACGA TCTGCTTCGG ATCCTCTAGA GCCGGAAAGT 2940 
GAAATTGACC GATCAGAGTT TGAAGAAAAA TTTATTACAC ACTTTATGTA AAGCTGAAAA 3000 
AAACGGCCTC CGCAGGAAGC CGTTTTTTTC GTTATCTGAT TTTTGTAAAG GTCTGATAAT 3060 
GGTCCGTTGT TTTGTAAATC AGCCAGTCGC TTGAGTAAAG AATCCGGTCT GAATTTCTGA 3120 
AGCCTGATGT ATAGTTAATA TCCGCTTCAC GCCATGTTCG TCCGCTTTTG CCCGGGAGTT 3180 
TGCCTTCCCT GTTTGAGAAG ATGTCTCCGC CGATGCTTTT CCCCGGAGCG ACGTCTGCAA 3240 
GGTTCCCTTT TGATGCCACC CAGCCGAGGG CTTGTGCTTC TGATTTTGTA ATGTAATTAT 3300 
CAGGTAGCTT ATGATATGTC TGAAGATAAT CCGCAACCCC GTCAAACGTG TTGATAACCG 3360 
GTACCATGGT AGCTAATTTC TTTAAGTAAA AACTTTGATT TGAGTGATGA TGTTGTACTG 3420 
TTACACTTGC ACCACAAGGG CATATATAGA GCACAAGACA TACACAACAA CTTGCAAAAC 3480 
TAACTTTTGT TGGAGCATTT CGAGGAAAAT GGGGAGTAGC AGGCTAATCT GAGGGTAACA 3540 
TTAAGGTTTC ATGTATTAAT TTGTTGCAAA CATGGACTTA GTGTGAGGAA AAAGTACCAA 3600 
AATTTTGTCT CACCCTGATT TCAGTTATGG AAATTACATT ATGAAGCTGT GCTAGAGAAG 3660 
ATGTTTATTC TAGTCCAGCC ACCCACCTTA TGCAAGTCTG CTTTTAGCTT GATTCAAAAA 3720 
CTGATTTAAT TTACATTGCT AAATGTGCAT ACTTCGAGCC TATGTCGCTT TAATTCGAGT 3780 
AGGATGTATA TATTAGTACA TAAAAAATCA TGTTTGAATC ATCTTTCATA AAGTGACAAG 3840 
TCAATTGTCC CTTCTTGTTT GGCACTATAT TCAATCTGTT AATGCAAATT ATCCAGTTAT 3900 
ACTTAGCTAG ATATCCAATT TTGAATAAAA ATAGCTCTTG ATTAGTAAAC CGGATAGTGA 3960 
CAAAGTCACA TATCCATCAA ACTTCTGGTG CTCGTGGCTA AGTTCTGATC GACATGGGGT 4020 
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TAAAATTTAA ATTGGGACAC ATAAATAGCC 
CAGATTGTTA CATGGAAAAC AAAAAGTCCT 

5 

CTATCGAGAG ATAGATTGAA AGAAGTGCAG 
TCTAAATTAA TTGCATTCGC TAACCAAAAA 
10 TATTTTTTGG CCCTTTTTTT ATGGTCCAAA 

TTTAATTATT TTTTTACTAC AGTGCCCTTG 
ATGTTTATGT GAAGAAATAG TAAAGGTTAA 

15 

AAATGTGAAT TTCTTAATCT GTGTGAAAAC 
AAAGTATATA AATATATATT TGGAAGCGAC 
20 CCTAAAAACA GCATATGGTA GTTTCTAGGG 

CAACAAGTAT CAATACATAT GATTTACACC 
TAATAAAGAA TTAATCCAAA TAGCCTCCCA 

25 

AATGTATATT ATATGCATAA TTTATATATT 
TAATCTATGT ATATGGTTAG AAAAAGTAAA 
30 ATCCCTAATA TAATCGCGAC GGATCCCCGG 

TCTGATCATG AGCGGAGAAT TAAGGGAGTC 
AAGCCGTTTT ACGTTTGGAA CTGACAGAAC 

35 

GGTTTCTGGA GTTTAATGAG CTAAGCACAT 
GTCGCCTAAG GTCACTATCA GCTAGCAAAT 
40 CCATAAATTC CCCTCGGTAT CCAATTAGAG 

AAAAAGCAGT CATTAACGGG GAACAAATCA 
AAAAGGAGCT TGCCCTTCCG GAATACTACG 

45 

TGACCGGATG GGTGGAGTAC CCGCTCGTTT 
AGCTGACTGA AAATGGCGCC GAGAGTGTGC 
50 GCTGCGACAT CACCATCATA CTTTCTTAAT 

CACAAACCCG CAAGCTTGGT CTAGAGGATC 
ATTTATGTAT TACACATAAT ATCGCACTCA 

55 

TATAATCAGT TATTGAAATA TTTCTGAATT 
CTTGGACTAT AATACCTGAC TTGTTATTTT 
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TATTTGTGCA AATCTCCCCA TCGAAAATGA 


4060 


CTGATAGAAG 


TCGCAAAGTA TCACAATTTT 


4 1 4 0 


GGAAGCGGTT 


AACTGGAACA TAACACAATG 


4900 


GTGTATTACT 


CTCTCCGGTC CACAATAAGT 


A 0 fiO 


ATAAGTGAGT 


TTTTTAGATT TCAAAAATGA 


A 790 


GAGTAAATGG 


TGTTGGAGTA TGTGTTAGAA 


4 780 


TATGATCAAT 


TTCATTGCTA TTTAATGTTA 


A A Ad 


AACCAAAAAA 


TCACTTATTG TGGACCGGAG 


A **00 


TAAAAATAAA 


CTTTTCTCAT ATTATACGAA 


40DU 


AATCTAAATC 


ACTAAAATTA ATAAAAGAAG 


A £9A 

46ZQ 


GTCAAACACG AAATTCGTAA ATATTTAATA 


A c o rt 

4680 


C C CT ATAnv# I 


Innn^ I /WW Alwv<www« 


4740 


AAATGTGTAT 


AATCATGTAT AATCAATGTA 


4800 


CAATTAATAT 


AGCCGGCTAT TTGTGTAAAA 


A A 

4860 


GAATTCCGGG 


GAAGCTTAGA TCCATGCAGA 




ACGTTATGAC 


CCCCGCCGAT GACGCGGGAC 


4 70U 


CGCAACGATT 


GAAGGAGCCA CTCAGCCGCG 




ACGTCAGAAA 


CCATTATTGC GCGTTCAAAA 




ATTTCTTGTC 


AAAAATGCTC CACTGACGTT 




TCTCATATTC 


ACTCTCAATC CAAACCATGA 


toon 


GAAGTATCAG 


CGACCTCCAC CAGACATTGA 


COOA 

52oU 


GTGAAAACCT 


GGACGCTTTA TGGGATTGTC 




TGGAATGGAG 


GCAGTTTGAA CAAAGCAAGC 


D4UU 


TTCAGGTTTT 


CCGTGAAGCG AAAGCGGAAG 


5460 


ACGATCAATG 


GGAGATGAAC AATATGGAAA 


5520 


CCCCGATGAG 


CTAAGCTAGC TATATCATCA 


5580 


GTCTTTCATC 


TACGGCAATG TACCAGCTGA 


5640 


TAAACTTGCA 


TCAATAAATT TATGTTTTTG 


5700 


ATCAATAAAT 


ATTTAAACTA TATTTCTTTC 


5760 
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AAGATGGGAA TTAACATCTA CAAATTGCCT TTTCTTATCG ACCATGTACA TCGAGCTCTC 5820 
CCCAGATCTG CATGGAGCCA TTTACAATTG AATATATCCT GCCG 5864 
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CLAIMS 

1 . A plant having in the nuclear genome of its cells foreign DNA comprising 

- a male-sterility gene comprising: 

- a male-sterility DNA encoding a sterility RNA protein or polypeptide which, 
when produced or overproduced in a stamen cell of the plant, significantly 
disturbs the metabolism, functioning and/or development of the stamen cell, 
and, 

- a sterility promoter directing expression of the male-sterility DNA selectively in 
specific stamen cells, especially in anther cells, particularly in tapetum cells, of 
said plant, the male-sterility DNA being in the same transcriptional unit as, and 
under the control of, the sterility promoter, and 

- a coregulating gene comprising: 

- a coregulating DNA encoding a coregulating RNA, protein or polypeptide 
which is capable, when produced in plant cells wherein said sterility RNA, 
protein or polypeptide is produced, of sufficiently preventing the activity of said 
sterility RNA, protein or polypeptide, and preferably 

- a promoter directing expression of said coregulating DNA in non-stamen cells, 
preferably at least in the majority of non-stamen cells, while directing low-level 
expression, preferably not directing expression, in said specific stamen cells, 
or 

- a promoter consisting of a minimal promoter element, preferably of a promoter 
normally expressed in plant cells, particularly whereby said coregulating DNA 
is under control of enhancer elements in the nuclear genome of said plant 

whereby said coregulating DNA is in a transcriptional unit which is different from the 
transcriptional unit of said sterility DNA 

2. A plant according to claim 1, wherein said male-sterility gene and said 
coregulating gene are adjacent to one another. 

3. The plant of claim 1 in which said sterility DNA encodes bamase or a 
variant thereof and said coregulating DNA encodes barstar. or a variant thereof. 
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4. The plant of any one of claims 1 to 3 inr which said sterility promoter is 
PTA29 and said coregulating promoter is Pnos. 

5. The plant of any one of claims 1 to 4 in which said plant is a dicot plant, 
particularly a Brassica plant 

6. The plant of any one of claims 1 to 3 in which said sterility promoter is 
PCA55, PE1 , PT72 or PT42, and said coregulating promoter is P35S. 

7. The plant of any one of claims 1 to 3 or 6 in which said plant is a monocot 
plant, particularly com or rice. 

8. The plant of any one of claims 1 to 3 in which said coregulating promoter is 
a minimal promoter operable in plant cells. 

9. A cell of a plant according to any one of claims 1 to 8. 

1 0. A process to obtain male-sterile plant which comprises : 

- transforming the nuclear genome of plant cells with a foreign DNA comprising a 
male-sterility gene comprising: 

- a male-sterility DNA encoding a sterility RNA, protein or polypeptide which, 
when produced or overproduced in a stamen cell of the plant, significantly 
disturbs the metabolism, functioning and/or development of the stamen cell, 
and, 

- a sterility promoter capable of directing expression of the male-sterility DNA 
selectively in specific stamen cells, especially in anther cells, particularly in 
tapetum cells, of said plant, the male-sterility DNA being in the same 
transcriptional unit as. and under the control of, the sterility promoter, and 

■ regenerating plants transformed with said foreign DNA from said transformed cells, 
which method is characterized by including in said foreign DNA a coregulating RNA, 
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protein or polypeptide which is capable, when produced in plant cells wherein said 
sterility RNA, protein or polypeptide is produced, of sufficiently preventing the activity 
of said sterility RNA, protein or polypeptide, said coregulating DNA preferably being 
under the control of a promoter including: 

- a promoter capable of directing expression of said coregulating DNA in non- 
stamen cells, preferably at least in the majority of non-stamen cells, while 
directing low-level expression, preferably not directing expression, in said 
specific stamen cells, or 

- a promoter consisting of a minimal promoter element, preferably of a promoter 
normally expressed in plant cells, particularly whereby said coregulating DNA 
is capable of being placed under control of enhancer elements in the nuclear 
genome of said plant after integration of said foreign DNA in said plant 
genome, 

whereby said coregulating DNA is in a transcriptional unit which is different from the 
transcriptional unit of said sterility DNA, and provided that, when said coregulating 
DNA is not under control of a promoter capable of directing expression in plant cells, 
said coregulating gene is located in said foreign DNA in such a way that after 
insertion in the plant genome, the coregulating DNA is capable of being placed under 
the control of plant promoter sequences present in the DNA surrounding said foreign 
DNA in said plant genome. 

1 1 . The process of claim 1 0 in which said sterility DNA encodes bamase or a 
variant thereof and said coregulating DNA encodes barstar or a variant thereof. 

12. The process of claim 10 or 11 in which said sterility promoter is PTA29 
and said coregulating promoter is Pnos. 

13. The process of any one of claims 10 to 12 in which said male-sterile plant 
is a dicot plant, particularly a Brassica plant 
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14. The process of claims 1 0 or 1 1 in which said sterility promoter is PCA55, 
PE1, PT72 or PT42, and said coregulating promoter is P35S. 

15. The process of claims 10, 11 or 14 in which said male-sterile plant is a 
monocot plant, particularly com or rice. 

16. The process of claim 10 or 11 in which said coregulating promoter is a 
minimal promoter operable in plant cells. 

17. A plant obtained by the process according to any one of claims 10 to 16. 
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